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ELECTROSTATIC-PROBE MEASUREMENTS OF PLASMA PARAMETERS
FOR TWO REENTRY FLIGHT EXPERIMENTS AT
25 000 FEET PER SECOND*

By W. Linwood Jones, Jr., and Aubrey E. Cross
Langley Research Center

SUMMARY

Unique plasma diagnostic measurements at high altitudes from two geometrically
similar blunt-body reentry spacecraft using electrostatic probe rakes are presented. The
probes measured the positive-ion density profiles (shape and magnitude) during the two
flights. The probe measurements were made at eight discrete points (1 cm to 7 cm) from
the vehicle surface in the aft flow field of the spacecraft over the altitude range of 85.3 to
53.3 km (280 000 to 175 000 ft) with measured densities of 108 to 1012 electrons/cm3,
respectively. Maximum reentry velocity for each spacecraft was approximately
7620 meters/second (25 000 ft/sec).

In the first flight experiment, water was periodically injected into a flow field which
was contaminated by ablation products from the spacecraft nose region. The nonablative
nose of the second spacecraft thereby minimized flow-field contamination.

Comparisons of the probe-measured density profiles with theoretical calculations
are presented with discussion as to the probable cause of significant disagreement. Also
discussed are the correlation of probe measurements with vehicle angle-of-attack motions
and the good high-altitude agreement between electron densities inferred from the probe
measurements, VHF antenna measurements, and microwave reflectometer diagnostic
measurements,

INTRODUCTION

The plasma sheath (ionized gas) which envelops a spacecraft during entry into an
atmosphere can disrupt radio communications and cause '"radio blackout." This phenom -
enon has received much attention (refs. 1 and 2) from both the U.S. Department of Defense
and the National Aeronautics and Space Administration because of the serious problems

*Part of the information presented herein was included in a dissertation, "Probe
Measurements of Electron Density Profiles During a Blunt-Body Reentry'' by W. Linwood
Jones, Jr. presented in partial fulfillment of the requirements for the degree of Doctor
of Phllosophy in Electrical Engineering, Virginia Polytechnic Institute and State
University, Blacksburg, Virginia, June 1971.



that it causes for mission planners. For instance, in manned flight missions there is a '
significant increase in the complexity of such onboard systems as navigation, guidance,
and control due to the reduction of ground systems support during critical blackout peri-
ods. In other instances, provisions for onboard data storage and delayed playback, or
even a recoverable package, may be required for data retrieval after blackout. Also,
terminal-phase systems such as altimeters, landing radars, homing devices, and elec-
tronic countermeasures may be compromised for lack of real-time signal transmission.
Consequently, a requirement exists for a fundamental understanding of the reentry plasma
sheath and its interaction with spacecraft electromagnetic systems.

A project called "Radio Attenuation Measurements (RAM)'" has been conducted at
Langley Research Center where flow-field plasma characteristics and the resulting atten-
uation of propagating electromagnetic waves have been investigated both experimentally
and theoretically. (See ref. 3.) Experiments have been performed in both ground facili-
ties and on reentry flights to determine radio-frequency plasma attenuation and flow-
field electron density and collision-frequency distribution.

This report presents electron density profiles (absolute magnitude and shape)
inferred from electrostatic probe measurements during two blunt-body reentries at
7620 meters/second (25 000 ft/sec). A rake of eight negatively biased probes, located
near the aft section of each spacecraft, collected positive ion current out to a normal
distance of 7 cm (2.75 in.) and over an altitude range of 85.3 km (280 000 ft) to 53.3 km
(175 000 ft). In addition, inferred electron densities are presented from VHF antenna
measurements during both flights and from microwave reflectometer measurements
during the second flight. Comparisons are made between the experimentally derived
electron densities and theoretically calculated values to assess the validity of present
plasma flow-field models., Also the effects on electron density profiles of material injec-
tion (during the first flight) and spacecraft motions are discussed.

Also included in this report are a discussion of electrostatic probe theory in appen-
dix A, a description of the probe-data-reduction procedure and a listing of RAM C-I and
C-II current and inferred density as a function of altitude and time for all probes in appen-
dix B by Lorraine F, Satchell, and an analysis of spacecraft motions and wind angles in
appendix C by William L, Weaver.

SYMBOLS

Values are given in both SI and U.S. Customary Units. The measurements and cal-
culations in the text and appendix A were made in SI Units; those in appendixes B and C,
in U.S. Customary Units.



A current, amperes; also projected area of probe, cm?2

An accelerometer-measured accelerations (normal)
a radius of probe sheath, Ry + dg, cm
ay,an accelerometer -measured accelerations due to aerodynamic force along

Y-axis (tangential) and negative Z-axis (normal)

D body nose diameter, cm
dg sheath thickness, cm
e magnitude of electronic charge, 1.5921 X 10-19 coulomb
Xp
H ratio of modified potential energy to kinetic energy, 5
1+8
Hl lateral angular momentum
H; total angular momentum
Hy roll angular momentum (about X-axis), pr
LI, positive ion current collected by a probe, amperes
I4 directed current into probe, nevg (ZRpL), amperes
IY + IZ

I lateral moment of inertia, —

. I,
I, normalized probe current, i

T
. nevg

I random ion current calculated for a probe, a (27erL), amperes
Ix, Iy, 1z moments of inertia about spacecraft axes, kg—m2
Ji saturation positive ion current density, 0.4nevg, a.mperes-cm‘2

K Boltzmann's constant, 1.38044 x 10723 joule-K~1



Vi

Vilow

XY, Z

probe length, cm
angular impulse
ion mass, g
electron density, electrons-cm=-3
electron density, e1ectrons-cm'3, or ion density, ions-cm~3
rotation rates about X-axis (roll), Y-axis (pitch), and Z-axis (yaw), rad-sec~1
< . In
modified normalized probe current, ————, amperes
\/1 + S

probe radius, cm
radius at which particles will just be collected, cm
. L Vy
ion speed ratio, —

Vi
mean electron temperature, K
probe potential, volts; also spacecraft velocity or wind axis
absolute magnitude of applied probe bias, volts
. . : kTe -1
initial energy of ion entering sheath, — joule-coulomb
plasma potential, volts

8kTg 1

random thermal velocity of ions entering sheath, N cm-sec”

normal component of flow velocity, cm-sec™!

flow velocity of ion flux past probe, cm-sec'1

spacecraft body-axis system

distance from nose along body axis, cm



y distance from body along normal to body surface, cm

a,B,n wind angles: angle of attack, sideslip angle, total wind angle, deg
¥ ratio of probe-sheath radius to probe radius, ﬁa;
€ permittivity of free space
‘Anl absolute variation in total wind angle
(] inverted form of the Child-Langmuir 3/2-power law Mﬁ:i/—-z-
> ‘ampere
6 precession cone half-angle; also angle between flow velocity and probe
axis, deg
okTe
AD Debye length, o’ cm
Yb precession frequency of vector w,; about body axis
Yy precession frequency of X-axis about angular momentum vector
p charge density
o) angular coordinate for payload referenced to electrostatic probe rake, deg
. . . e(V - voo)
Xp normalized potential difference between probe and plasma, R
e
w; lateral angular velocity, \/qz + r2, rad-sec~!
Subscripts:
cr critical
o initial

An arrow over a symbol denotes a vector,



EXPERIMENT DESCRIPTION

Three flight experiments were conducted in the medium velocity (7620 meters/second
(25 000 ft/sec)) reentry region to obtain quantitative measurements of plasma parameters
about a hemisphere-cone body and to test radio-attenuation alleviation techniques. Only
the first two flights are discussed herein, since the analysis of probe data for the third
flight is incomplete. (Descriptions of the third flight and the preliminary probe results
are found in refs. 4 and 5.) This section provides a brief description of the flight objec-
tives, launch vehicles, and payload experiments. A description of the electrostatic probe
system is given which includes the mechanical construction of the probe rake, the elec-
tronic circuitry, characteristics of the circuit components, and data format. Also
described briefly are other plasma diagnostic experiment systems onboard the respective

payloads.

Flight Objectives

The primary objectives of the first flight (RAM C-I) were to test the effectiveness
of water injection as an alleviation technique and to establish the operational system
injection parameters (mass flow, penetration distance, and injection orifice size and loca-
tion) necessary to achieve a required level of signal recovery. During this flight, electro-
static probes were the principal diagnostic instrumentation for assessing the plasma
alleviation. In the second flight (RAM C-II), the primary objective was to measure the
electron density time and altitude histories at several locations along the spacecraft using
microwave reflectometers and electrostatic probes, Flight details are discussed in ref-
erence 6 for RAM C-I and in reference 7 for RAM C-II

Launch Vehicles

Similar four-stage solid-fuel Scout vehicles were used to launch the RAM C-I and
C-II payloads from the NASA Wallops Island Station in Virginia. The two Scout vehicles
designated S-159 and S-168, ready for launching, are shown in the composite photograph
of figure 1. Pertinent vehicle-payload identification and launch information are given in

the following table:

Designation Launch
1
Scout Payload Date Time, GMT
S-159 RAM C-I 10-19-67 17:33:00
S-168 RAM C-II 8-22-68 15:16:00




Approximate staging sequencing applicable to the RAM C-I and C-II launch vehicles
and payloads with important events is shown in figure 2(b). The launch vehicles trans-
ported their respective payloads to apogees greater than 220.5 km (720 000 ft) before
propelling them back into the earth's atmosphere. To minimize lateral rotations and
trajectory dispersion during the thrusting of the fourth-stage motor which was unguided,
the motor and spacecraft were spin-stabilized just prior to motor ignition. Tip-off
moments produced by the separation of the expended fourth-stage motor at an altitude of
about 113 km (370 000 ft) caused coning of the spacecraft and a resulting oscillatory
relative wind angle. The earth-relative reentry flight-path angle was a nominal -15°,
and both payloads reached their maximum velocities at an altitude of 67.0 km (220 000 ft).
Some pertinent dynamic characteristics for each payload are given in the following table:

Spin rate Maximum velocity Total wind
Pavload angle over
Y probe data
rad/sec rps m/sec ft/sec period, deg
RAM C-I 18.5 2.95 7670 25 165 5.0
RAM C-II 19.1 3.04 7678 25 193 4.0

The reentry data periods occurred just north of Bermuda as shown in the RAM C-II
ground track. (See fig. 2(a).) The RAM C-I and C-II payloads flew nearly identical reen-
try trajectories, as indicated in figure 3 and in table I; and for this reason, the RAM C-I
trajectory was used in the data reduction for both flights. Although the use of the RAM C-I
trajectory produced approximately a 365.8-meter (1200-ft) bias error in the altitude for
all RAM C-II probe data, this procedure introduced negligible errors in the inferred elec-
tron and ion densities.

Payloads

The payload geometries were essentially identical and are shown in figure 4. Each
payload consisted of an approximately 15-cm (6-in.) radius hemispherical nose followed
by a 9° half-angle cone and had an overall length of about 130 ecm (51 in.). The physical
characteristics of each payload are given in the following table:

I o - . -
Payload Nose material Nose dxam‘eter Body lenigithi j\?f’elght before launch Afterbody
cm in. cm in. kg 1b material
RAM C-1 NARMCO 4028 31.90 | 12.56 [130.25|51.28 121.1 267.0 Teflon
(Phenolic-~graphite
charring ablator)
RAM C-II Beryllium 30.48 | 12.00 |129.54 (51.00 121.8 268.5 Teflon
nose cap*

*Ejected at time of electrostatic-probe retraction.



RAM C-I had a phenolic-graphite charring ablator on the hemispherical nose,
whereas the nose of RAM C-II was covered by a beryllium-cap heat sink, Since RAM C-I
was primarily a material-injection experiment, the ability to maintain the integrity of the
injection orifices during the ablation period was mandatory; therefore, the phenolic-
graphite material was selected. (See ref. 8; RAM-CA designation is synonymous with
RAM C-1.) An analysis of a sample of the NARMCO 4028 used to fabricate the heat shield
showed that it contained about 1100 pg/g sodium. The analysis was incapable of detecting
potassium, if present, at less than 3600 pg/g which means that the ablator could have con-
tained up to 4700 ug/g of alkali. The beryllium nose cap and the teflon were found to be
free of any significant amounts of alkaline impurities. For a sample of teflon, the analy-
sis showed the alkali content to be less than 5 pg/g. Thus, during the RAM C-I reentry,
the ablation of the nose fed easily ionizable alkali metals into the flow-field boundary
layer. Since the primary objective of the RAM C-II flight was plasma flow-field diagnos-
tics, the nonablative beryllium cap was selected to keep the flow field free of ablative con-
taminants so that a comparison could be made of measured plasma characteristics with
pure-air theoretical calculations. The beryllium cap was ejected at an altitude of 56.4 km
(185 000 ft) prior to the surface melting, and thus exposed a teflon-covered nose. For
both flights, the effects of teflon ablation from the afterbodies are believed to be negligible
at altitudes above 56.4 km (185 000 ft) (refs. 7 and 9) since the teflon had a low-alkali-
metal contamination level; also, the ablation rates there were much less than those for

the nose.

The location of the electrostatic and thermocouple probe rakes, the various radio-
frequency antennas (diagnostic and instrumentation) on both payloads, and the water-
injection orifices on the RAM C-I payload are shown in figure 5. Table II gives exact
coordinate location and position of the various system sensors for both payloads.

Electrostatic Probe System

Design philosophy. - Realistic predictions of the electromagnetic wave attenuation
to be experienced during atmospheric entry are dependent upon several factors, the fore-
most of which is the physical nature of the plasma itself. The requirement for accurate
knowledge of gas composition is more stringent for an analysis of this problem than for
other reentry problems such as heat transfer or aerodynamic flow. The reason for this
requirement is that the free electrons, which control the electrical conductivity of the gas,
are a trace species and, as such, require a comprehensive nonequilibrium flow-field anal-
ysis including finite-rate chemistry to determine the degree of gas ionization. For exam-
ple, approximately 40 finite-rate chemical kinetic reactions involving 11 plasma species
(free electrons, molecular and atomic ions, molecules, and atoms) must be considered in
theoretical calculations of electron concentration. In addition, the dominant chemical
kinetic process is dependent upon the velocity and body shape of the reentering spacecraft.

8



Moreover, calculations are more difficult to perform as one moves aft from the stagnation
region because not only is a complete understanding of the local gas conditions required,
but also of the entire gas history from the shock-entry point of each streamline to the
location of interest.

The objective of the RAM-C electrostatic probe experiment for both flights was to
determine experimentally the electron density profiles in the aft flow field in order to
assess the validity of the theoretical calculations and to provide experimental data upon
which to improve the analytical model used. The design of the RAM-C electrostatic probe
system and the calibration testing in ground plasma facilities are discussed in detail in
reference 4.

Configuration of electrostatic probe rakes on RAM C-I and C-IL - A photograph of
the electrostatic probe rake is shown in figure 6(a); and the exterior configuration, a sec-

tional view of the leading edge, and standoff dimensions of the ion collectors are shown
in figure 6(b). Each of the iridium ion collectors extended 0.0254 cm (0.010 in.) beyond
the wedge-shaped beryllium oxide leading edge of the rake. The two larger iridium
pieces, one on each side of the rake, were electrically common and served as electron
collectors. Iridium was chosen as the probe collector material because of its high melt-
ing temperature, high electronic work function, and negligible oxidation property. The
beryllium oxide leading-edge material was a high-temperature insulator which mechani-
cally and electrically separated the ion collectors and the electron collectors. The
beryllium oxide leading edge was a 60° wedge with a leading-edge radius of 0.0254 cm
(0.010 in.) and was inclined at an angle of 45° with respect to the payload surface. The
main body of the probe was constructed of a phenolic fiber-glass ablation material.

Probe circuitry.- A fixed bias of -5.0 volts, referenced to the electron collectors,

was applied simultaneously to all ion collectors to attract positive ions. Figure 7 gives

a schematic drawing of the probe electronic system on both the RAM C-I and RAM C-II
payloads. As each probe continuously collected plasma current, the mechanical commu-
tator sampled the voltage developed across the probe load resistors and calibrate resis-
tors and fed the signals to the logarithmic amplifier at the rate of 300 samples per second.
The voltage developed across the probe load resistor was converted by the logarithmic
amplifier to drive a telemetry subcarrier oscillator. A photograph of typical flight com-
ponents is shown in figure 8.

For the RAM C-I experiment, the output of the logarithmic amplifier was connected
single-ended to the input of the subcarrier oscillator; whereas on the RAM C-II experi-
ment the output of the amplifier was connected to a differential -input subcarrier oscillator.
This modification in the electronic system was made to correct an anomaly which occurred
during the RAM C-I flight. The occurrence of the anomaly was ascertained during the
onboard calibration of the logarithmic amplifier. The problem presented itself at an alti-

9



tude of about 67.0 km (220 000 ft) when the logarithmic amplifier output including all cal-
ibrate levels unexpectedly went to zero. During water injection, the amplifier returned
to normal operation; however, after the injection stopped, the output returned to zero.
Approximately 3 seconds later at 61.0 km (200 000 ft), the amplifier returned to normal
and continued so for the remainder of the flight. The anomaly was analyzed and it could
be reproduced in the laboratory by connecting a -1.85-volt potential between the electron
collector and the payload ground. It is surmised that during the flight the electron col-
lectors and the spacecraft metallic skin assumed different floating potentials in the
plasma. This condition caused the internal input diodes of the logarithmic amplifier to
conduct and thereby reduced the amplifier output to zero. The differential connection
used on the RAM C-II system corrected the situation by effectively adding a large resis-
tance (10 megohms) in series with this unwanted potential and thus prevented the diodes

from conducting.

Logarithmic amplifier.- The solid-state logarithmic amplifier was developed spe-
cifically for the electrostatic probe experiments. The device was a low-level input,
adjustable high gain, chopper-stabilized dc amplifier which converted a differential high-
impedance input into a differential low-impedance output. Figure 9(a) shows the dynamic
(commutated at 300 samples/sec) input-output voltage characteristics of the amplifiers
used for flight. As can be seen from the figure, the device provided an output propor -
tional to the logarithm of the input voltage for greater than a three-decade range. The
amplifier gain was adjusted so that the voltage developed by an input current from the
probes of at least 10-6 ampere, across the load resistor of 400 ohms, would be on the
reasonably linear section of the characteristic curve. The maximum input current was
10-3 ampere and the minimum current value was determined by system noise (approxi-
mately 5 X 10-7 ampere for the RAM C-I experiment and 10-7 ampere for the RAM C-II
experiment). The amplifier characteristics shown in figure 9(a) were obtained just prior
to flight by calibrating the entire probe system as installed in the spacecraft. This cali-
bration technique used a range of known resistances that were externally connected in
sequence across the biased probe electrodes and thereby simulated a range of plasma
currents, This calibration should not be confused with the onboard calibration the main
purpose of which was to provide certain pulse levels in each data frame for automatic

data reduction requirements.

Since the signal to the amplifier was commutated at 300 samples per second, good
dynamic response was needed to reproduce the input accurately. Figure 9(b) shows a
typical pulse-response curve of the amplifiers. With a delay time of less than 100 micro-
seconds and rise and fall times of less than 75 microseconds each, the response was suf-
ficient for data samples of approximately 3 milliseconds duration. For data-reduction
purposes, only the center 50 percent of the pulse width was used.

10




Probe-experiment characteristics and data format. - The format used for electro-
static probe information from the logarithmic amplifier output, including currents from
the probes and from the calibrates, is presented in figure 10. Shown in figure 10 is one
complete data frame which has a duration of 100 milliseconds. There are five calibrate
levels for each frame, which correspond to currents of 0.1, 1.0, 10.0, 100,0, and
1000.0 microamperes. Between the calibrate sequences are three consecutive samplings
of the eight ion collectors. One profile measurement represents about 26.4 milliseconds
or about 8 percent of a complete payload roll motion. The sampling rate of 300 samples
per second was selected so that at least two data formats would be completed during the
off time of the water-addition cycling system on RAM C-I. The same sampling rate was
maintained for the RAM C-II experiment.

Thermocouple probes.~ On both of the RAM-C payloads, a rake of thermocouples
was located diametrically opposite the electrostatic probe rake to monitor the tempera-
ture of the leading edge. On RAM C-I, both the thermocouple and electrostatic probes
were in line with the water-injection sites to insure similar heating environments. The
external configuration of the thermocouple probe fin was the same as that of the electro-
static probe fin and is shown in figure 11. Instead of electrodes, however, three thermo-
couples were embedded 0.0635 to 0.1016 cm (0.025 to 0.040 in.) from the leading edge of
the wedge. The thermocouples were platinum —platinum +13-percent-rhodium and were
located 2, 4, and 6 cm (0.79, 1.57, and 2.36 in.) from the payload surface. The useful
measurement range of the thermocouples was from 255 to 1977 K (0° to 3100° F).

At elevated temperatures, the insulating properties of the beryllium oxide degraded,
and unwanted leakage currents flowed between ion collectors and between ion and electron
collectors. The thermocouple probe was used therefore to determine the altitude at which
probe heating became significant. The electrical resistivity degradation affected the
accuracy of the inferred electron density because the leakage currents added to the mea-
sured plasma current and thereby caused a higher than actual electron density to be
inferred. In reference 6, the electrostatic probe data were considered to be unusable in
an absolute sense once the local probe temperature exceeded 811 K (1000° F), An
improved analysis given in reference 4 estimated that the leakage current was on the
order of 100 microamperes for a thermocouple temperature of 1366 K (2000° F). For
both RAM-C flights the inferred plasma density was greater than 1011 electrons/cm3
when the local temperature for a given probe exceeded 1366 K; thus, the error in the
inferred density at that point was less than a factor of two. For higher leading-edge
temperatures, the leakage current probably exceeded the plasma current; therefore,
above 1366 K the data were considered to be degraded for useful plasma-density inter-
pretation purposes.

11



Retraction of probe rakes.~ Although it was desirable to make electrostatic probe
measurements over the entire blackout data period from 85.3 to 24.4 km (280 000 to
80 000 ft), certain restrictions were imposed. The high heating rates predicted for the
intermediate altitude range from 61.0 to 30.5 km (200 000 to 100 000 ft) would result in
structural failure of the probes which could endanger the stability of the payload itself.
Therefore, the rakes (electrostatic and thermocouple) were simultaneously retracted into
the base region of the payload at a predetermined altitude by programer action. The
RAM C-I rakes were retracted at an altitude of 53.6 km (176 000 ft). RAM C-II probe
retraction was initiated simultaneously with the beryllium cap ejection at 56.4 km
(185 000 ft), but the effects of retraction on the inferred density were not noted until
55.9 km (183 400 ft).

RAM C-I Water-Injection System

During the RAM C-I flight, water was periodically injected into the flow field from
the spacecraft nose to provide for electron density reductions in the peak attenuating layer
of the flow field. The water was injected at varying flow rates with specific penetrations
over an altitude range of 83.2 to 33.8 km (273 000 to 111 000 ft). The injection locations
are shown on the payload sketch in figure 5. Locations and positions of the nozzles are
also given in table II. The electrostatic probe rake and two VHF slot antennas were
located in line with the injection sites and were the principal diagnostic instrumentation
for assessing the plasma alleviation.

The resultant programed variation of flow rates for the RAM C-I experiment is
given in table III, with the altitude shown for the start of each pulse. Typical water flow-
rate pulses are shown as a sequence of valve-on times. One complete injection cycle is
shown and the cycles were repeated every 4 seconds. The valve-on times were 230 milli-
seconds and the valves were opened at 0.5-second intervals. A more detailed description
of the RAM C-I water-injection system can be found in reference 6.

RAM C-II Microwave Reflectometer System

A four-frequency microwave reflectometer system was used to infer the peak elec-
tron density time and altitude histories about the RAM C-II spacecraft. A plasma-density
measurement range of three decades (1010 to 1013 e1ectrons/cm3) was provided by the
reflectometer system. The microwave reflectometer technique used the reflectivity of
the plasma to infer the electron density and phase measurements to infer the electron
density profile shape. Microwave antennas for the four frequencies (L~-, S-, X-, and
Ky -bands) were located at each of the four body stations (except station 1, L~band
excluded), for a total of 15 antennas (fig. 5). Antenna locations are listed in table II.
Greater detail on the microwave reflectometer system may be found in reference 7 and
in table II.

12



VHF System

It has been shown that significant pattern changes can occur for plasma-clad cylin-
drical antennas when the electron density passes through the critical value. (See ref. 10.)
These pattern changes are also accompanied by rapid changes in input impedance or input
voltage standing wave ratio (VSWR). Received signal strength and onboard antenna VSWR
were monitored during the RAM C-I and C-II flights and were used to determine the
occurrence of the VHF critical electron density. The antenna VSWR was monitored by
onboard directional couplers, and the antenna patterns were reconstructed by use of the
signal received from the spinning spacecraft. There were several ground, airborne,
and shipborne receiving stations with different look angles; thus, patterns were obtained
in several planes. The arrangement of receiving stations for RAM C-II is shown in
tigure 2(a).

Two types of VHF antennas (cavity-backed slots and circumferential slot arrays)
were used for the flights, as shown in figure 5. For the RAM C-I payload, two diametri-
cally opposed, axially oriented, 259.7-MHz cavity-backed slot antennas transmitted the
real-time telemetry, and an aft-positioned circumferential slot array (ring) antenna
transmitted the delayed-time telemetry. In comparison, on the RAM C-II payload, the
real-time and delayed-time telemetry systems utilized a pair of aft-located circumfer-
ential slot arrays (ring antennas). The axially oriented slot antennas on RAM C-I were
in line with the material-injection orifices and the electrostatic probes. The ring anten-
nas for all payloads were just forward of the electrostatic probes. A more complete
description of the VHF antennas on RAM C-I may be found in references 6 and 11 and in
table IV,

ELECTROSTATIC PROBE THEORY

The RAM-C electrostatic probe measurements were interpreted by use of a free-
molecular cylindrical probe theory modified to account for a directed-ion flux due to the
plasma flow. This theory was developed by Scharfman (refs. 12 and 13) based on the works
of Hok et al. and Smetana (refs. 14 and 15, respectively) and is summarized in appendix A.

The configuration of the RAM-C probe rake is such that in relation to the flowing
plasma, each ion collector appears to be a cylindrical wire 0.0254 cm (0.010 in,) in diam-
eter and 0.5385 cm (0.212 in.) long, which is inclined at an angle of 45° with respect to
the plasma flow. Experimental programs were performed at Langley Research Center,
Stanford Research Institute, and Cornell Aeronautical Laboratories to verify that the
RAM-C electrostatic probe rake could be used to infer accurate localized ambient plasma
electron densities. (See refs. 4, 13, 16, and 17.) Typical results from references 13
and 17 are shown in figure 12. The conclusion based on this work is that free-stream
electron density can be inferred within +20 percent by using the described theory for the
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RAM-C flight conditions for plasma densities from 1010 ¢o 1011 electrons/cm3 and within
a factor of two over the 109 to 1013 electrons/cm3 range.

FLIGHT DATA RESULTS AND DISCUSSION

Measured Electrostatic Probe Ion Currents

Ion currents measured by each of the eight electrostatic probes onboard the
RAM C-I and C-II flights are presented as a function of altitude from 85.3 to 53.3 km
(280 000 to 175 000 ft) in figures 13 and 14, respectively, and are listed in appendix B.
(Altitudes for RAM C-II are too low by 0.3658 km (1200 ft).) In the figures, the measured
probe-current data points are represented by the symbols which have been interconnected
in order to show small variations clearly. Probes for both flights indicate an initial mea-
surable current at an altitude of about 85.3 km (280 000 ft). Lowest measurable current
for the probe electronic systems was about 10-7 A. Likewise, system saturation current

was 10-3 A.

Figures 13(a) to 13(d) show the currents measured by the electrostatic probes
aboard RAM C-1I. The effects of periodic water injection into the flow field can be seen
as respective periods of greatly reduced measured currents for all eight probes. The
anomaly period, discussed in an earlier section, occurred between 67.1 and 61.0 km
(220 000 and 200 000 ft). The data shown in the figures during the anomaly period are
considered to be valid since they were selected only when the onboard calibrates indicated
normal amplifier operation. All data are valid after the anomaly period. The probes
aboard RAM C-I were retracted at 53.6 km (176 000 ft) from the aft-flow-field region into
the payload base region. The probes continued to make measurements after retraction,
but the analysis of these data is not presented in this report. Immediately after retrac-
tion, the outermost probes still indicated system saturation current because of electrical
degradation of the beryllium-oxide probe insulator induced by aerodynamic heating.

Figures 14(a) to 14(d) show the electrostatic-probe-measured ion currents for
RAM C-II. Effects of retraction can be seen at about 55.5 km (182 000 ft) in figures 14(a)
to 14(c) as a steep dropoff of measured current. Again, the outermost probes of fig-
ure 14(d) were still saturated immediately after retraction because of leakage current
through the degraded probe insulator.

The small sinusoidal-type variation superimposed on the curves shown in figures 13
and 14 are variations in the plasma density due to spacecraft motion. These variations
will be discussed in detail in a later section and in appendix C.
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Thermocouple Probe Results

An accurate knowledge of the probe-rake leading-edge temperature during reentry
was necessary for valid interpretation of the fixed~bias probe currents because at ther-
mocouple temperatures greater than 1366 K (20000 F), the insulating properties of the
dielectric wedge were degraded to the point that the inferred plasma densities were ques-
tionable. Therefore, the first task in the data-reduction procedure was to examine the
thermocouple data and to identify those probe data for which this threshold had been
exceeded.

Measured thermocouple temperatures for both the RAM C-I and C-II reentries are
presented in figure 15. Overall, for corresponding thermocouples at identical altitudes,
the temperatures of RAM C-I were less than those of RAM C-II most likely because of
the cooling effects of water injection which can be seen on the RAM C-I curves. Water-
injection cycles for RAM C-I are shown at the top of the figure. The RAM C-I and
RAM C-II data are presented in figure 16 as constant-temperature profiles of normal
standoff distance y to a given temperature boundary plotted against altitude.

At any altitude, the temperature at any probe location on the leading edge may be
determined from the intersection of a horizontal-probe location line, a vertical-altitude
line, and a constant-temperature contour. When, for a given probe, this intersection
occurs above the 1366 K (2000° F) contour, the interpretation of these data is questionable.

Electron Densities Inferred by Electrostatic Probe

By use of the probe interpretation discussed in appendix A, the collected ion cur-
rents given in figures 13 and 14 were converted into respective ion (electron) densities
for the two flights. (Flow-field calculations (ref. 9) indicate that positive-ion and electron
densities are very nearly equal for the RAM-C trajectory.) The electron densities for
RAM C-I are shown in figure 17 and for RAM C-II in figure 18. The electron densities
plotted against time and altitude are also tabulated for both flights in appendix B. The
RAM C-I and RAM C-II results after probe retraction should be disregarded since no
temperature and velocity data are presently available to allow proper interpretation of
the ion current.

Flow-field electron-density profiles (electron density plotted against standoff dis-
tance y) were determined during both flights. Typical results are shown in figure 19 for
selected altitudes during the RAM C-I flight where no water-injection effects were present
and in figure 20 for similar altitudes on RAM C-II. The data represent the time-averaged
electron density (averaged over one spacecraft revolution) at a given altitude for each
probe, and the bars in figure 20 represent the peak-to-peak density change due to body
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motions, to be discussed in a later section. The profiles for RAM C-I and RAM C-II
flights are similar, although there was a slight difference in the absolute level at the
specified altitudes. These differences are also observed in overlays of electron density
plotted against altitude for RAM C-I and RAM C-II given in figure 21.

Effects of Ablation Impurities on Electron Density

Since the nose materials for the two RAM spacecraft were different (charring
ablator for RAM C-I, nonablating heat sink for RAM C-II), a comparison can be made
between contaminated and noncontaminated reentry plasma flow fields. The electron-
density histories for RAM C-I and RAM C-II are superimposed for comparison in fig-
ure 21. The electron density for RAM C-I is approximately a factor of 2 higher than that
for RAM C-II for the altitude range of 85.3 to 73.2 km (280 000 to 240 000 ft). Below this
altitude, RAM C-II results are slightly greater than those for RAM C-I, although the
RAM C-I anomaly period and the effects of material addition make a quantitative com-
parison less meaningful. The differences in measured electron density between these
flights could be attributed to ablation product contamination effects because the payloads
were nearly geometrically identical and they flew nearly identical trajectories. The
RAM C-I charring phenolic-graphite nose fed easily ionizable alkali metals (sodium and
potassium constituted approximately 1000 to 4000 pg/g in the virgin material) into the
flow-field boundary layer, whereas the nonablating beryllium nose cap on RAM C-II did
not contaminate the flow. For both spacecraft the teflon afterbody did ablate slightly;
however, additional ionization was not probable because here the alkali metal content was
kept below 5 ppm of teflon. A detailed discussion of alkali ablation product contamination
of the RAM-C flow field is given in reference 9.

Effects of Vehicle Angle-of-Attack Perturbations on Electron Density

An analysis of the accelerometer data (appendix C) revealed that each payload
underwent small angle-of-attack oscillations which produced variations in the ion current
collected by all probes and variations in the microwave reflectometer measurements
(RAM C-II). This effect is more clearly observed in the RAM C-II results (fig. 18) since
these results are not disturbed by water injection. Variations in electron density at the
probe station were produced because the payload was at an angle of attack (unsymmetrical
flow field about payload) while spinning at 18.84 rad/sec (3 rps). When the payload expe-
rienced a positive angle of attack (positive normal acceleration), the electrostatic probes
were on the windward side of the payload and sensed a compression of the flow field.
Conversely, for a negative angle of attack (negative normal acceleration), the probes
sensed the leeward (less dense) side of the flow field.
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A comparison of the RAM C-II vehicle angle-of-attack motions (determined by
accelerometer data) with electron density (inferred from electrostatic probe 1) is shown
for the altitude region from 59.4 to 55.8 km (195 000 to 183 000 ft) in figure 22, As seen
in the figure, small angle-of-attack motions produced peak-to-peak density fluctuations
in the aft part of the flow field approaching a factor of three. The sizable density varia-
tions close to the payload for relatively small changes in angle of attack can be one of the
reasons that signal-attenuation models do not always accurately predict plasma-caused
signal losses when normal zero angle-of-attack plasma profiles are used.

Effects of Water Injection on Electron Density

The effectiveness of water injection as a plasma alleviant in the RAM C-I flow field
was assessed by means of two VHF slot antennas and the electrostatic probe rake located
in line with the injection sites. The probe measurements provided an excellent means of
determining injectant penetration distances as well as the resultant magnitudes of the
suppressed plasma.

The amount of plasma suppression due to water injection on the RAM C-I plasma
electron density is seen in figure 23. In the upper part of the figure, the water injection
pulses are shown with varying magnitude. (Flow rates are given in table III.) Each pulse
caused corresponding decreases in measured electron density. Cycle 1 (not shown in the
figure) had no flow because of a slow fill rate in the lines. The very low flow rates of
cycle 2 produced no detectable plasma alleviation for any of the probes. The larger flow
rates of cycle 3, particularly the side-injection flow rates 3 and 4, caused appreciable
electron-density reduction for all probes. Electron-density profiles for the various lat-
eral injection flow rates of cycle 3 are shown in figure 24. Here, it is clearly seen that
increasing flow rates are more effective in reducing electron density and in penetrating
farther out into the flow. The electron-density profiles during stagnation injection
(cycle 4, flow rate 5) are shown in figure 25 for selected altitudes over the 593 meter
(1947 ft) altitude range.

The probe electronic system anomaly occurred immediately after cycle 4, flow
rate 6, and persisted through cycle 4, flow rate 4. For intervals during the periods of
water injection, however, the amplifier returned to normal operation and allowed reliable
probe measurements,

The effectiveness of the water -injection technique was assessed by comparing den-
sity profiles with water injection against those without water for the same altitude range.
Alleviation effects of water injection were noted by the ground stations on the signals
received from all the onboard radio-frequency systems and good correlation was found
between the probe electron-density profile changes and the observed attenuation changes
of the signal strengths.
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Microwave Reflectometer Measurements

The location and magnitude of the peak electron density inferred by the station 4
microwave reflectometers agree with the electron-density profiles inferred by the elec-
trostatic probes for the RAM C-II flight. This good agreement lends credence to both
measurements since both measured and theoretical electron-density gradients along the
aft payload surface are small (refs. 7 and 9, respectively).

The microwave phase data (fig. 35 of ref. 7) indicate that there was a strong density
gradient between the payload surface and a normal distance into the flow of 1 to 2 cm.
Beyond this distance the profile appeared to be nearly uniform for another several
centimeters.

The magnitudes of the electron density inferred by the probes and microwaves are
also strongly correlated as shown in the longitudinal profiles of peak electron density for
constant altitude. (See fig. 26.) In figure 26, the time-averaged peak electron densities
as indicated by the reflectometer are plotted against distance along the body, where zero
on the abscissa corresponds to the payload nose, Also shown in the figure for purposes
of comparison are the time-averaged electron densities (averaged over one body revolu-
tion) for probes 1 and 8 (innermost and outermost probes, respectively). The bar on the
probe data represents the peak-to-peak density fluctuation due to body motions.

VHF Antenna Measurements

The received VHF signal strengths (recorded at the Bermuda and U.S, Navy Ship
(USNS) Twin Falls Victory stations) and the reflected power for the onboard antennas for
RAM C-I are presented in figures 27 and 28 and for RAM C-II in figure 29. The Bermuda
station was located approximately broadside to the payload during the data period and the
Twin Falls Victory station was directly down range. (See fig. 2(a).)

The peak electron density at a given antenna location was inferred from the region
where the received signal strength ripple pattern (due to spinning payload) and the onboard
antenna reflected power changed abruptly. In reference 10, these changes were shown to
occur at the critical electron density; however, since the RAM-C experimental conditions
were slightly different than those in reference 10, the peak electron density is estimated
to be the critical value within a factor of two uncertainty.

For the RAM C-I records, the time period of interest is from 385 to 394 seconds.
In the Bermuda 225.7-MHz record, the pattern ripple is about 30 dB prior to the critical
electron-density region (indicated by the arrows) which is in agreement with the measured
free-space patterns in the equatorial plane. The ripple structure diminishes markedly in
the critical electron-density region and then resumes as attenuation due to an overdense
plasma occurs. The same sequential change was also noted by the Bermuda station in
the 259.7-MHz antenna pattern ripple structure during a similar time frame.
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A related change in the pattern ripple structure was also observed for both antennas
in the signal received at the USNS Twin Falls Victory station between 386 and 394 seconds.
At 386 seconds, the plasma electron density over the antennas is negligible and the antenna
pattern ripple is about +2 dB. Also the mean level of the signal received at the two fre-
quencies is different by about 16 to 20 dB in absolute level. Both the magnitude of the
pattern ripple and the absolute power levels agree very well with those predicted from
the nose-on free-~space absolute antenna patterns. During the time period from 390 to
392 seconds, the 225.7-MHz record experiences a 20-dB dip in the received signal level
as the plasma goes through critical density. A similar but smaller signal-level dip also
occurs at 259.7 MHz. The time of occurrence of these amplitude dips in the received
nose-on signal closely correspond to the time period where a significant decrease in pat-
tern ripple was observed from the broadside direction.

The records of reflected power to both the 225.7-MHz and the 259,.7-MHz antennas
are shown in the lower parts of figures 27 and 28. The sharp rise or increase in reflected
power with the simultaneous occurrence of critical electron density over the antenna aper-
ture corresponds to that altitude range where the pattern ripple changes were noted. For
RAM C-I0, nearly identical antenna effects were observed, as shown in figure 29,

Comparison of Inferred Electron Densities for the RAM-C Flights

The plasma diagnostic results for both flights are shown in figure 30 for the pur-
pose of comparison. They include electron density as a function of altitude inferred from
the RAM C-II electrostatic probes, RAM C-II microwave reflectometers, and the RAM C-I
and RAM C-II VHF antenna measurements. The data presented for electromagnetic tech-
niques are time-averaged peak electron densities. The probe data represent the envelope
of maximum to minimum values for all probes. All inferred densities are corrected for
body location and are referred to the probe station by use of the appropriate longitudinal
profile in figure 26.

Comparison of Theoretical and Experimental Electron Density Profiles

Calculated electron density profiles for the RAM-C flights were provided by the
authors of reference 9. These calculations began with pressure distributions derived
from equilibrium inviscid flow-field solutions for sphere-cone shapes. A nonequilibrium
streamtube method provided temperature, density, and composition (including electron
concentration). Streamline positions were determined by means of mass flow conserva-
tion. An equilibrium thin boundary-layer solution was adapted for use with nonequilibrium
edge conditions, and the combined viscous-inviscid solution was iterated to account for
vorticity and displacement thickness. Inviscid streamline values were discarded upon
entry into the boundary layer and were replaced by calculations based on conditions in the
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boundary layer. The flow-field solutions described are not valid at altitudes above about
70.1 km (230 000 ft). It should be noted that ambipolar diffusion of the charged particles,
which cannot be included in this treatment, was estimated in reference 9 to become an
important influence at altitudes higher than 70.1 km (230 000 ft).

For RAM C-II the clean-air assumption should have been valid down to 56.4 km
(185 000 ft) where the beryllium nose cap was ejected, but for RAM C-I the flow field
was contaminated by ablation products from the phenolic-graphite nose. For both bodies
the teflon afterbody did ablate to some extent, but no additional ionization would result
because the alkali metal content was kept below 5 ppm in the heat shield. There is, how-
ever, an unanswered question concerning the reduction of the electron density due to the
electrophilic action of teflon ablation products.

When the measured electron-density profiles shown in figures 19 and 20 were com-~
pared with the calculated profiles previously mentioned, the measured profiles were found
to be lower and flatter than the calculated ones. Also the measurements appeared to
extend to greater distances from the body surface than had been anticipated. A typical
comparison is shown in figure 31 with the RAM C-II data bars representing the envelope
of probe data (due to body motions). Comparison of the probe data with other available
plasma flow-field calculations (ref. 18) also indicates this significant disagreement
between experiment and theory in absolute magnitude and in shape of the electron-density
profiles.

In an effort to resolve these differences above 71.0 km (233 000 ft), the effects of
ambipolar diffusion were considered. Since the analytical model used a streamtube
approach, the effects could not be handled directly; rather an ion diffusion correction
factor was determined (ref. 9) which accounts for the reduction in the magnitude of the
peak electron density. Unfortunately, no theoretical means is available for predicting
the spreading of the electron-density profiles; conceptually, however, ambipolar diffusion
should decrease the absolute magnitude of density and reduce its gradients.

The theoretical peak electron density and the RAM C-I and RAM C-II envelopes of
time-averaged inferred densities from probe 8 are shown in figure 32. The RAM C-II
data should provide a better comparison with the "pure air' plasma calculations because
the RAM C-II beryllium nose cap minimized flow-field contamination down to an altitude
of 56.4 km (185 000 ft). At 85.3 km (280 000 ft) the inviscid calculation of peak electron
density must be reduced by approximately two decades because of the ambipolar diffusion
correction factor. This correction goes to zero near 70.1 km (230 000 ft), and below this
altitude both the inviscid calculations and the inviscid calculations corrected for boundary
layer yield identical results and according to reference 9 are believed to be correct. The
good agreement between the inviscid calculations corrected for ambipolar diffusion and
the experimental measurements above 70.1 km supports the hypothesis that ambipolar
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diffusion is a principal mechanism for shaping the high-altitude electron-density profiles.
The RAM C-II electron densities from the inviscid calculations corrected for boundary
layer, the microwave reflectometer measurements, and the electrostatic probe measure-
ments are given for different body locations in figure 33. Although both the experimental
and theoretical curves show a leveling of the electron density below 70.1 km (230 000 ft),
the experimental values are greater. The electrostatic probe data envelope shown in the
figure includes only those data that are below the 1366 K (2000° F) critical temperature.
Although the probe data might be suspect below 70.1 km because of aerodynamic heating,
the microwave reflectometer technique does not suffer from this effect.

CONCLUSIONS

Unique high-altitude electrostatic probe measurements have been made on the aft
section of two high~velocity reentry spacecraft. Good agreement between the two RAM-C
flight probe experiments with strong correlative data from microwave reflectometer and
VHF antenna measurements support the following conclusions:

1. High-altitude (above 70 km (230 000 ft) for RAM-C configurations) calculations
of electron-density profiles using an inviscid streamtube approach corrected for boundary
layer are inadequate and modifications including ambipolar diffusion effects are necessary.

2. Increases in ionization due to phenolic-graphite ablation products in the aft-flow-
field boundary layer were no greater than a factor of two over an altitude range of 56.4 to
82.3 km (185 000 to 270 000 ft).

3. Small angle-of-attack motions produce significant peak-to-peak density fluctua-
tions in the aft parts of the flow field. These variations in electron-density profiles can
be useful in qualitatively indicating vehicle angle of attack in the high altitudes where
accelerometer data are limited.

4. The use of water addition into the flow field as a plasma alleviant is effective in
reducing the electron density in the flow field and in alleviating radio blackout.

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., December 20, 1971,
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APPENDIX A
ELECTROSTATIC PROBE THEORY

Simplicity makes the electrostatic probe attractive for plasma diagnostics; how-
ever, the theoretical interpretation of its current-voltage characteristics is extremely
complicated. The difficulty stems from the fact that a probe represents a boundary to a
plasma and near this boundary the equations which describe the motion of the charged
particles change their character. At the surface of the probe, one polarity of charged
particle is collected while the other is repelled; thus, a charge separation region or
sheath is created where ion and electron densities differ and hence where large electric
fields can be present. A fundamental result of the original theoretical interpretation of
probes by Langmuir (ref. 19) is that under many experimental conditions, the sheath may
be considered as a thin layer near the probe surface and the plasma appears to be field-
free and electrically neutral up to the edge of this well-defined boundary. In recent years
considerable progress has been made by the application of computer numerical integra-
tion techniques to the analysis of the collection of charged particles in the collisionless
case for cylindrical and spherical probes in nonflowing plasmas (refs. 20 to 24). Thus,
the artifice of a sheath boundary has been eliminated and the continuous transition from
probe surface to ambient plasma is adequately described. Currently, the most realistic
collisionless or free-molecular probe theory has been developed by Laframboise (ref. 20)
who used the analytical model of Bernstein and Rabinowitz (ref. 21) to calculate the entire
probe characteristic for both cylindrical and spherical probes in a Maxwellian plasma at
rest. His plasma model consists of positive and negative species of charged particles,
each having a Maxwellian velocity distribution with its own characteristic temperature.
The analysis was based on the collisionless Boltzmann or Vlasov equations for two spe-
cies coupled by Poisson's equation for the electric field. These equations are valid for
only those conditions where binary collisions are negligible; that is, the collision mean
free path is much greater than the probe radius and the plasma Debye length. The elec-
tric field, consistent with Poisson's equation, is therefore the dominant influence on the
motion of the charged particles.

Flowing Plasmas

The theory for interpreting the response of an electrostatic probe in a plasma with
directed flow is considerably more primitive than the classical probe theory just dis-
cussed. The available theories for including the effects of flow are oversimplified and
their experimental verification are for the most part cursory. Fortunately, positive
ion collection with an "infinitely long" cylindrical probe (long enough for end effects to
be neglected) alined parallel to the flow can be interpreted by use of the theory of
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APPENDIX A - Continued

Laframboise for nonflowing plasmas. Also, for most experimental conditions, this .
theory should be applicable for electron collection with any probe orientation because

the random velocity of electrons is usually large compared with the directed velocity of
the flowing plasma. However, this theory is not applicable for the interpretation of posi-
tive ion collection with a cylindrical probe of arbitrary orientation in a flowing plasma.
In the following sections, an interpretation for cylindrical probes under these conditions
by Scharfman (ref. 12), based on the works of Hok et al. (ref. 14) and Smetana (ref. 15),
is presented.

Directed Flow Parallel to Probe

The ion current part of a cylindrical electrostatic probe characteristic has been
numerically evaluated by Hok et al. (ref. 14) over a large range of ion densities and elec-
tron temperatures for a nonflowing plasma which is also applicable to a plasma with the
directed flow parallel to the axis of the probe. For the flowing plasma case, it is advan-
tageous to use this theory because it can easily be modified to account for an arbitrary
probe orientation. These results are shown graphically in figure 34 as the variation of
the normalized current I, with the normalized potential difference X; between the
probe and the plasma for selected values of ratio ¢ of sheath radius a to probe
radius Rp. The normalized current is the ratio of the current I, collected by a
probe to the random ion current I,.. The random ion current is defined by Hok et al.
to be the product of the saturation ion current density and the area of the probe and is

given by
I = %’i(ZprL)
where
n electron density or ion density
e magnitude of electronic charge
Rp probe radius
L probe length
vV, velocity of ions entering sheath
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APPENDIX A - Continued

The velocity v, is defined to be

1’BkT
V= TTMe (Al)

where

k Boltzmann's constant

Te mean electron temperature
M ion mass

It is to be noted that in equation (A1) the electron temperature T is used rather
than the ion temperature. This departure from the classical definition for the mean
thermal speed is the result of incomplete shielding of the probe sheath. Thus, a total
potential drop of order of magnitude kT, exists in the plasma and accelerates the ions
into the probe sheath (ref. 25).

The normalized potential difference Xp between the probe and the plasma is a
dimensionless parameter defined as

e(V - Voo)
p kT,
where
A\ probe potential
Vo plasma potential

Before Hok's results (fig. 34) can be used to interpret experimental probe data, the
ratio y of sheath to probe radii must be known. The ion sheath radius a is defined as

a=Rp+ds

where dg is the sheath thickness. For a planar probe geometry, the sheath thickness
varies directly as the probe potential and inversely as the ion density and is given by

3/4

where \p is the Debye length and is defined as
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APPENDIX A — Continued

e n

€T 1/2
KD = )

where ¢, is the permittivity of free space.

The approximation of a planar solution for sheath thickness is applicable to cylin-
drical probes only when the sheath thickness is small compared with the probe radius.
When this is not the case, the ratio y of the sheath to probe radius may be obtained
from an inverted form of the Child-Langmuir 3/2-power law for space-charge-limited
current flow. This relation has been derived by Hok for cylindrical probes and is plotted
in figure 356 as y -1 against © where O is defined as

3/2
e =L (V' +£r£> <1 +2-ﬁ> (A2)

I _,_Rp e V%
and
I, measured probe current
\'A absolute magnitude of applied probe bias

To give more physical significance to the current collection curves shown in fig-
ure 34, the following asymptotic cases are given:

Case I; thin sheath, y = 1; Xp < -1:
I = 27RpLJj (A3)

where Jj is the saturation positive ion current density for a collisionless Maxwellian
plasma at rest and is given approximately by Bohm et al. (ref. 26) as

Ji = 0.4nev, (A4)

Note that equation (A3) is independent of the applied probe bias,

Case II; moderate to thick sheaths, 7y > 1; large negative probe bias, Xp << -y
Iy = y2nRpLJj (A5)

This current varies directly as the applied bias because of .
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Case III; extremely thick sheaths, 7y >> ]Xp

I = —V—Zﬂ/gTi <27erLJi) (A6)

In this region the current is approximately proportional to the square root of applied

; moderate negative probe bias, Xp < -2

probe bias.

Directed Flow Normal to Probe

The effect of a normally directed ion flux (ions/unit area) on the current collected
by free molecular cylindrical probes has been analyzed by several investigators. (See
refs. 12, 15, 27, and 28.) If it is assumed that the flow does not distort the form of the
ion sheath around the probe, the current density is the result of a superposition of random
and directed ion fluxes (ref. 12). This effect is illustrated by figure 36, a curve of the
normalized current I, collected by a cylindrical probe not alined with the flow plotted
against the ion speed ratio S. The speed ratio is defined as the normal component A3
of the flow velocity vg oW divided by the random thermal velocity v,

V.
S= v_-i (A7)
In figure 36 there are two asymptotes shown as dashed lines. The horizontal
asymptote represents the value of current collected by a thin-sheathed (y = 1) probe in
a nonflowing plasma and is equal to the random current I, or to a normalized current
of unity. The other asymptote represents the superposition of the random current I
and a directed current Ig. The directed current is

Ig = nevf<2RpL> = pvsA (A8)
where
p charge density
A projected area of probe

When the normal component of the flow velocity is small (S << 1), the probe current is
approximately that collected in a nonflowing plasma., For larger values of the normal
component of flow velocity, that is, S > 3, the current collected by the probe approaches
the value given in equation (A8).

When the ion sheath is not thin, that is, y > 1, the problem is more complicated
because the ability of the relatively weak electrostatic potential field around the probe to
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capture ions with increased inertial energy due to the flow is reduced. This problem was
treated by Smetana (ref. 15) and the resulfs are shown in figure 37.

Scharfman (ref. 12) gives the following qualitative explanation of Smetana's results:
For the nonflowing plasma case (S = 0) with low values of applied bias (Xp > -1) and a

large sheath thickness (y >> 1), the attraction of the probe’'s potential field is weak; con-
sequently, most of the ions that enter the sheath orbit past the probe and are not collected.
By using simple orbital theory, the radius ry; at which particles will just be collected is

1/2
\'
ra = Rp(l + V—o>

where
A\ probe potential
Vo initial energy of ion entering sheath, kTg /e

Thus, the current is proportional to the flux (ions/unit area) entering the sheath at the
radius ry and is proportionally given as

1/2
I, o nVol/sz<1 + %)

In the limit of large applied potential (Xp << —1),

1/2

1/2

When a directed velocity is included (S > 0), the flux is proportional to SVg and the

capture radius becomes

1/2

s2v,

Thus, the effective capture radius for ions decreases while the flux increases. Therefore,

1/2
I, « nSVOI/ZRp<1 . )

s2v,

In the limit of large applied potentials (X << -Sz), this relationship reduces to the same

p
value as when 8 = 0; that is,
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1/2
I,V / R,
In the limit of large directed velocity (S >> 1), I, approaches S in value, and the cur-
rent I, is approximately given by equation (A8).

With this understanding of current collection under directed velocity conditions and
with the asymptotic solutions for S=0 and S >> 1, the works of Hok and Smetana can
be combined by a transformation of the coordinates of figure 34. This result from
Scharfman is replotted in figure 38 as the variation of R with H where

I
R=—-12 (A9)
9 1/2
(1 +S )
X
H=—F 5 (A10)
1+8S
where
R modified normalized probe current
H ratio of modified potential energy to kinetic energy

The results presented in figure 38 can be readily used to infer positive ion density n by
the following algorithm:

(1) Determine Tg
(2) Measure the probe current I ;. at V' volts below floating potential
(3) Calculate the normalized probe to plasma potential
Xp = Gi%‘;) +540.5 (A11)
(4) Calculate © by use of equation (A2)
(5) Obtain the appropriate value of y from figure 35
(6) Calculate v, by using equation (Al)
(7) Calculate S by using equation (A7)
(8) Calculate H by using equation (A10)
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(9) Obtain the appropriate value of R ifrom figure 38
(10) Calculate the positive ion density from

I
n-= +

1 + S2Ry7ev,RpL

Interpretation of RAM-C Fixed-Bias Electrostatic Probe Data

The configuration of the RAM-C electrostatic probe is shown in figure 6(b). In
relation to the flowing plasma, each ion collector appears to be a cylindrical wire
0.0254 cm (0.010 in.) in diameter and 0.5385 ¢cm (0.212 in.) long, which is inclined at an
angle of 45° with respect to the plasma flow. To illustrate the data-reduction procedure,
a sample calculation is presented.

Sample Calculation

The following factors are given in the sample calculation:

Altitude, km (ft) . . . . & . . o o e e e e e e e e e e e e e e e e 76.2 (250 000)
e 3o 03 1 1T i o 8
Potential of probe below floating potential, V', volts . .. .. .. ... ¢ .e... 5
Temperature, T, K . . . . . 0 i i v i i i i s o s et e o ot o s o s o s o u o 7500
Flow velocity, vgow, km/sec (ft/sec) . . ... .. ... ... ..... 5160 (16 930)
Angle between flow velocity and probe axis, 6,deg . ... . ... ..., 45
Ionmass (NOT), M, 8 . . . v i v v v v vt bt vt et vt oot e e v o 49.88 x 10-24
Measured current, I, (LA . . ¢ ¢ 0 0t i i i e e e e e e e e e e e e s e e 50
Probe length, L,cm (in.) . . o v v v v v v v o v v v 0 o o o o o o v 0.5385 (0.212)
Probe radius, Rp,em (in) . ...... ... ..., 0.0127 (0.005)
Boltzmann constant, K, J/K . . v v v v v v v v vt ettt 1.38044 x 10-23
Electronic charge, e, coulombs . . . . . ¢ ¢ i ¢ i v vt v o 0 o o v o 1.5921 x 1019

For an altitude of 76.2 km (250 000 ft) and ion collector 8, the temperature was calculated
to be 7500 K. The electron temperature is assumed to be equal to the local gas tempera-
ture. A plot of gas temperature as a function of altitude for the ion collector locations is
shown in figure 39. These temperature data, as well as the flow velocity data given in
figure 40, were generated by a nonequilibrium boundary-layer-corrected flow-field anal-
ysis of the RAM C-I trajectory.
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The first factor to be calculated is the normalized potential difference between the
probe and the plasma by using equation (A11)

A =
Xp =y * 5 =12.69

€

Next, the ratio of ion sheath radius to probe radius ¥ is estimated by using fig-
ure 35 and equation (A2)

3/2
5KT
o= L V' o+ e 1+ 2.66
I+Rp e \]_

Xp

For a measured current of 50 A, the value of © is 3.51 X 107 volts3/2/ampere. The

corresponding ratio of sheath radius to probe radius ¥ is 2.61.

The modified normalized probe current R is now determined. Figure 38 is a
plot of R as a function of the ratio of modified potential energy to kinetic energy H
(eq. (A10)) which is defined as

H=_P
1+ 82

The velocity of ions entering the sheath v, is calculated (eq. (Al)) to be

2KkT 1/2
v, =< Me> = 2.037 x 10° ¢cm/sec

The ion speed ratio S is (from eq. (A7)

v_f _ Vlow sin 6

S =
A

+ Vi

From equation (A7), S =1.791 and thus the value of H is 3.015. The corresponding
value of R is 1.93 from figure 38,

Solving for the density n yields

=3.21 x 1010 ¢m-3

I
ns= +
\‘1 + SZR\ﬁev +RpL
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APPENDIX B

ELECTROSTATIC-PROBE AUTOMATIC DATA REDUCTION
PROCEDURE AND LISTINGS

By Lorraine F. Satchell
Langley Research Center

This appendix outlines the method for inferring electron density from telemetry
data for the RAM-C flight experiments. The theoretical interpretation used was that of
Scharfman (based on the works of Smetana and Hok) as presented in appendix A. A flow
chart that illustrates the data-reduction procedure follows:

@ Telemetry tape,
L5\ / RAM-C flight Measured
calibrate
points
ADTRAN A Program
L i {
lAnalog-to-digitall O Conversion o
transcription A AN t‘;‘i‘;gﬂ%"e‘ﬂfg A
units \
Digital tape Log amp output
voltage
Calculated Tabulation
profiles Probe . .
Preflight Flow velocity and cards theory ,-Nean:clig:;tr;ﬁc;;me
calibrate electron temperature
box Computer
Payload trajectory-s—— Program
Time against altitude LPROBE
Dynamic response = CALCOMP _*Pl.ms .
Pll;a?:?.ion- curve | Ne against time
fcs Input current against] cards
output voltage
Probes

Telemetry signals containing the electrostatic probe data were recorded by ground
receiving stations on magnetic tape. These data were in an analog—frequency-modulation
form which consisted of subcarrier oscillator frequency deviations as a function of loga-
rithmic amplifier output voltage. The format for this commutated probe data is given in
figure 10. An analog-to-digital transcription made from magnetic telemetry tape data was
converted to engineering units to be used as inputs to the probe theory computer program
named LPROBE. LPROBE also required, as input data, theoretical flow-field velocities
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and electron temperatures for each probe location, as functions of elapsed flight time and
altitude, and preflight probe-electronic system calibration. Sufficient points from curves
of these input data were tabulated and a second-order interpolation using FTLUP, a table
look-up subroutine, provided the desired accuracy.

LPROBE was written in Fortran IV language for the Control Data 6000 series com-
puter. The formats for the program inputs were flight time (FLTIME), delta time
(DELTAT), synchronization code (ISYNC), and 24 channels of voltage and 24 channels of
current. DNSTY was a subroutine with all tabular data listed internally. LPROBE pro-
vided the data in the call sequence and DNSTY computed the electron density. The out-
puts of LPROBE were CALCOMP plots (figs. 13, 14, 17, and 18) and/or tabulations of
electron density (electrons/cm3) as a function of time for each probe.

Presented in this appendix are; a listing of the program, logarithmic amplifier
calibrates (output voltage as a function of input current in microamperes) for the two
flights, tables of computed gas temperatures (for altitudes in thousands of feet), flow
velocity calculations (as a function of time) for each of the probes, and tabulations of
computed electron density as a function of time for each of the probes for both RAM C-I

and RAM C-II.

(]

32

C *CALL SEQUENCE FOR SUBROUTIMNE ONSTY* LFS 250
C LFS 260
C TzZ=¢lLECTREN TEMFERATURE,DZGREES KELVIN{CCMPUTED FRCM TABLES VS, TIMEILFS 27C
C LFS 280
C TI=ICN TEMPEFPATURE(NOT LSzZD-DUMMY IN CALL STATEMENT) LFS 290
c LFS 300
C PDMILL{DIAMETER 1IF PRNREI=1C,0 MILS LFS 310
C LFS 320
C 2LMILLILENGTF CF PROBF)=212.0 MILLS LFS 33¢
C LFS 34C
C AV PCTENTIAL CC IS MEASURED WITH RESPECT TC FLASMA POTENTIAL. LFS 35¢
C LFS 360
C CC ICN SATURATICN CURRENT,MICRCAMPS (CCMPUTECL VALUES}. LFS 37C
C LFS 380
C AMITCICN MASS)=23.0 AMU LFS 390
C LFS 400
C  ANG(ORIENTATICN ANGLE OF PROBEI=4Z4C DEGRFES CR .78529816 RADIANS LFS 41C
C LFS 420
C FLOVEL(FLOW-VELOCITY) IN M/SECe (CCMPUTED FRCFM TABLES VS. TIME) LFS 43¢
C LFS 44C
C AN(FLECTRCN CENSITY}) CCMPUTED USING SUBROUTINE DNSTY, LFS 45C
C LFS 460
C THERE ARE 8 PROBES—-ZACH SAMPLES THE DATA 3 TINES PER FLIGHT TIME, LFS 470
C SEE FIGURE 11 AND TABLE BELOW. LFS 480
C DATA(1,09417) ART PRCRE 1 (FTLUP USES CCRRECTED TIME,TEMPL AND VF 1ILFS 490
C DATA(2,10,18) ARE PROBE 2 (FTLUP USFS CORRECTED TIME, TEMP2 AND VF Z2ILFS 500
C DATA(3,11,1¢) ARE PROBE 3 (FTLUP USES CCRRECTED TIME,TEMP3 AND VF 3)LFS 510
C DATA(4,12,2C) ARE PROBE 4 (FTLUP USES CORRECTED TINME,TEMP4 AND VF &4)LFS 520
C ©OATA(5,12,21) ARE PROBE 5 (FTLUP USES CCRRECTED TIME,TEMPS AND VF S5)LFS 53C
C DATA{6,14,22) ARE PKDBE 6 {ETLUP USES CORRECTED TIME,TEMPS AND VF 61LFS 540
C DATAL7,15,232) ARc PROBE 7 (FTLUP USFS CORRECTED TIME,TEMPT7 AND VF TILFS 550
C DATA(B,15424) ARE FRORE R (FTLUP USES CORRECTED TIME,TEMP8 AND VF BILFS 560
c LFS 570
FEAL N2t6C0) LFS 580

LFS 590



O

a0 00 oo

[aKe]

a0

GO0 00N

OO0

[aNe Nl

CIMENSICN VOLTSU(5C)yCURIS50)yTIMEA(40)ALTAL40)TEMP(4048) 4 TIMEBL4OLFS
1V ,ALTB(4C) sy VF(40yB8) yFLTIME(200)yVOLTAGE (2004924} sCURRENT(200424),y LFS
1ISYNC(200),DELYAT(200), TIME(60C),CLRR(60C) LFS
: LFS
EQUIVALENCE (TIMEA,TIMEB),(ALTA,ALTB) LFS
LFS

INITIALIZE PLOTTER. LFS

CALL CALCCMP LFS

LFS

USE PAPER 300 - SET PEN ON RIGHT MARGIN - SET ORIGIN. LFS

CALL CALPLT(CeO9le0+~3} LFS
LFS

PRINT CONSTANTS. LFS

STZE=.1 LFS

SIZ7ENZ2=SIZE/2.0 LFS

h=(64/Te)*SIZE LFS

SIZED=SIZE+SIZED2 LFS

LFS

CATA CONSTANTS ¢ CAYQEP=K/FPSILCN LFS

PDMILL=1C60 LFS

FLMILL=212.C LFS

AMIT[=284CC LFS

ANG=,7852681¢€ LFS
E=540 LFS
CAYNEP=,000138054/146C210 LFS

LFS

READ, STCRE AND WRITE VILTAGE VSe CLRRENT FRCM LOG-AMP CURVES(8l4 LFS
RAM C=T1 AND 813 RAM C-IT)1(DYNAMIC INPUT-QUTPUT CURVES) LFS
WRITE(6,1) LFS

1 FORMAT(%*]1 VGLTAGE CJURRENT LOG-AMP 814%/) LFS
CC 10 1=1,50 LFS
READ(5,3)VOLTS(I},CUR(I) LFS

3 FCRMAT(2F1Ce31} LFS
WRITE(E92IVOLTS(I)»CURCT} LFS

1) CONTINUE LFS
LFS

PEAD, STORE AND WRITE TIME AND ALTITUNE VvSe TEMPERATURE (1 THRU 8&) LFS

(CGMPUTED ELECTRON OR GAS TEMPERATURE AS A FUNCTION OF ALTITUDE LFS
FOR ELECTROSTATIC PROBE LOCATICNS ON RAM C-~I AND RAM C-11) LFS

LFS

WRITE(6,11) LFS

11 FORMAT (*1 TIME ALY TEMP1 TEMP2 TEMP3 TEMLFS
1F4 TEMPSE TEMPT TEMP8*/) LFS

CO 20 I=1,4C LFS
READ(S5)12ITIMEACI) ,ALTA(T}(TEMP(T,J),4=1,8]) LFS

12 FORMAT(2F8s.1,8F863) LFS

WRITE(6413)TIMEA(TI),ALTA(TI),(TEMP(I,4),J=1,8) LFS

13 FORMAT(2F1041+8F1043} LFS
29 CCNTINUE LFS
LFS

READ, STORE AND WRITE TIME AND ALTITUDE VvSe FLOW VELOCITY (1 THRU BLFS

YICOMPUTEL VEFLOCITY AS A FUNCTION OF ALTITUDE). LFS
WRITE(6,21) LFS

21 FORMAT(=*1 TIME ALT VF1 VF2 VF3 VLFS
1F4 VFS VF6 VET VF8%/) LFS

CQ 33 I=1,40 LFS

READ{S,12)TIMEBLI)yALTBUT )y (VFIIJ)yJ=1,8) LFS
WRITE(6,13)TIMEB(I) JALTB(I},(VF(1,J),J4=1,8) LFS

30 CCNTINUE LFS
LFS

READ AND STORE DATA FRCM FLIGHTS (RAM C-1 RFEL 214009 AND RAM CII LFS
REEL 314C26). LFS

=1 LFS

69 READ(B)FLTIME(I)y ISYNC(I1)},DELTAT(I),(VOLTACE(IL+J)}yJ=1+24),(CURRENTLFS
1(I+d)9sd=1,24) LFS

IF(EOF,8)75,65 LFS

65 I=1+1 LFS

GO 10 60 LFS

APPENDIX B — Continued

600
610
620

118¢C
1190
1200
1210
1220
1230
1240
1250
12¢0
127¢C
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APPENDIX B - Continued

75 REWIND 8 LFS
CALL EVICT(SLTAPESB) LFS
IPTS=1 LFS

LFS

CCMPUTE DATA BY PROBES LFS

CO 30C IPROBE=1,8 LFS
LFS

FEADINGS FOR DATA LFS
ANPTS=0 LFS
WRITE(6476) LFS

76 FORMAT(*1PROBE DIMETER=10 MILS PROBE LENGTH=212 MILS IIN MASLFS
18=28 AMU ORIENTATICN ANGLE=.78539816 RACIANS*/) LFS
WRITE(6,77) LFS

77 FORMAT(*#0OPROBE FL TINz SYNC VOLTAGE CURRENT ALTITUDE TEMPERLFS
1ATURE F-VELOCITY AV TIME ELECTRON DNSTY LOG(N3}*)LFS
IF(IPROBELEQ.1)GG TO 81 LFS
IF(IPROBE.EQ.21GO TO 82 LFS
IF(IPROBELEQe31GC TO 83 LFS
IF({IPROBE«EQe4)GO TO 8% LFS
IF(IPROBE«EQe5)G0 TO 85 LFS
IF(IPRCBELEQe6)GO TO 85 LFS
IF(IPROBE.EQe71G0O TO 87 LFS
TF({IPROBELEQe81GO TO 83 LFS

81 v1=1 LFS
V2=17 LFS
NC==11 LFS
GQ T0 S0 LFS

82 VM1=2 LFS
M2=18 LFS
NC=-12 LFS
€0 TO 90 LFS

33 MV1=3 LFS
¥2=13 LFS
NC=-13 LFS
GC T0 90 LES

34 Ml=4 LFS
¥2=20 LFS
NC=-14 LFS
GO 10 90 LFS

35 VM1=5 LFS
v2=21 LFS
NO=-15 LFS
CC To 90 LFS

36 V1=6 LFS
v2=22 LFS
NO=-16 LFS
GO TO 9C LFS

87 M1=7 LFS
v2=23 LFS
NO=-17 LFS
¢C 79 90 LFS

838 M1=¢& LFS
N2=24 LFS
NO=-18 LFS

LFS
TI IS A DUMMY IN CALL STATEMENT TO SUBRQUTINE CNSTY, LFS

33 TI=1.0 LFS
1s=1 LFS
CC 13) I=1,IPTS LFS
IFCISYNCITI).EQe11G0O TO 10C LFS
IF(ISYNC(I)eEQa2)GD TO 1GQ LFS
C3 98 J=M1,M2,8 LFS
JJd=J LFS
IF(VOLTAGE(I yJ) el Ta(-oC8D))IGL TO 98 LFS
IF(VIOLTACE(I,J)eGTe(52€4))G0 TO S8 LFS



91
92

96

57

93
100

11

12)

140

130
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IF(CURRENT(TI,J} el Ta(e100))GO TO 98
IFI{CURRENT(1,J)aCT4(1000,))G0 TO S8
IF(LEGVAR({VOLTAGE(I,J)}))98,91,98
IF(LEGVAR(CURRENT(I,J1)158,92,58
ATIME=FLTIME( I} +(FLOAT(JJ) ) #DELTAT(I)

IF(ATIME.GTe (4036.000))GO0 TO 58

NPTS=NPTS+1

TIME(NPTS)=ATIME

CALL FTLUP{ATIME,ALT+2+40,TIMEB,ALTB)}

ALT=ALT*1000.

CC=CURRENT(T,J)

CURR(NPTS)=CURRENT (I,J)

CALL FTLUP(ATIME,TE,2,%0,TIMEA,TEMP{1,IPRCBE))
TE=TE#*1000.

AV=E+5,0%CAYQEP*TE

CALL FTLUP(ATIME,FLOVEL,2,40,TIMEB,VF{(1,IPROBE))
FLCVEL=FLCVEL*10C0.

CALL DASTY(TE,T1,PDMILL,PLMILL,CC,AV,AMII,ANG+FLOVELAN)
A3{NPTS}=ALOG10(AN)
WRITE(6496)1TPROBEyJoFLTIME(T) y ISYNCUI)yVCLTAGE(IJ)CCoALT,TE,
LFLOVEL AV, TIME(NPTS) »ANN3(NPTS)
FORMAT(I2+14+F9e3+1542F10e3+F10a1+2F13434F10e3,FRe3,4yE16e6+F1246)
KPTS=NPTS

IF(MOCINPTS,40116E,57,98

WRITE (6,475}

WRITE(L,477)

CCNTINUE

CONTINUE

APTS=KPTS

SCALE CATA TC RF PLOTTED

DO 110 I=1,NPTS
TIME(I)=TIME(T)-386aC
A3(I)=(N3({I11=-7a0) %245
CURR(IV=(1s0+ALOGLO(CURRIT)) I *2,5
CCANTINUE

PLGT TIME VSe ELECTRCN DENSITY (N3) ARND TIME VSe CURRENT (CURR),
CQ 200 IPLOT=1,2

CRAW X-AXIS AND LODOGRID
CALL AXES{0e(G10e01060+21e01386011eGr1e01e5¢49HTIME,SECerel5,~-9)
CALL LOGRID(21e012eS9~1963GCeCrle0re5re2)

CENERAL ICENTIFICATICN OF Y-AXIS

CALL CALPLT(0.091540,2)

CALL CALPLT(CeD490e0,3)

CALL NOTATE(-e340s0,SIZE,6HPROBE 4S50.0,€)
ANPROBE=1PROBE

XPROBE=NPROBE

CALL NUMBER(=439(0eQ+{5e0%W) ) ,SIZE +XPROBE1S0a 0y~1)
CALL NCTATE(-e759Ce¢SIZE,THRAM C-4,904C,7)
TF{IPLITWEQe21Ga TO 143

CALtL NCTATE(+-e21665+0154+8HELECTRON,90,0,¢)
CALL NOTATE(-02297eT3el5s7THDENSITY4904Cy7)

TIME VSe N3

DO 12C [=1,NPTS

CALL FNTPLT(TIMEC(I)yN3(T)yNO,IS)
CONTINUE

CC T3 19C

TIME VSe CURRENT

CALL NCTATE(~62¢7elyelS5 s 7THCURRENT+904C¢7)
C0O 130 I=1,NPTS

CALL PNTPLT(TIME(TIIoCURR(I},NO,IS)
CONTINUE

LFS
LFS
LFS

1920
1940
1650
1960
1970
1980
1930
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
210C
2110
2120
2130
214C
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
251¢C
2520
2530
2540
2550
25¢0
2570
2580
2590
2600
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FOVE TC NEW PLOTTING AREA

CALL CALPLT(24eCsCe0,y=3)
CONTINUE

CLEAR CORE FOR NEXT PRIBE.
NC 252 [=1,NPTS
TIME([)=040

N3(1)=CaC

CURR(I1)1=0.0

CCNTEINUE

CONTINUE

FELEASE PLOTTER AND ST)P,
CALL CALPLT(OeQyCaCy993)
STCP
END

SURRDUTINE DNSTY(TESTIyPNMILL,PLMILLCCyAV,AMIT ANG,FLOVEL 4AN)

CIMENSTION B{61,C(6)4,E1F(9)

CIMENSION D(S)yE1PS(G)E2(9)4E3(9),ES5(S),F1C(9),F20(91,E50(9)

CIMENSICN G(B) 4H(R)

CATA R/54Z1€er1TerRe99ea91l0e/

FATA C/=ler1—ebHl91=eC926ye4E32,14C82,14786/

CATA D/=le9=e59Cer9511la1le5912612e593e/

CATA E1PS5/eC2lyeaC 50 3e13646%4175/

CATA E2/e0311aCT7 29016742535 %43CC/

CATA E3/e3311eC7%9e171i90316ye42R 450475/

CATA ES/.‘110.C74'.1qly.351052110654'3*07/

CATA E1C/e221 1eC 74101511637 905819075579e91%9eGBRy1a/
[ATA E20/eC219eC7%410191 7037905818021 1eC4y1e1991a25/
CATA E£50/eC31 49007490191 9e371a58908111e05491e28,1632/
CATA ETF/e3317e07%9e151 903716581481l 11eCEyle20,1455/
CATA G/el7590430C1e4759e79lesle3sle791Ce/
FL=PLVMILL*2454F-%

AC=ABRS(CC)*14=~€

PR=PDMILL %24 54E=5/2¢ S$AMI=AMII*]1,672E-27
FR=gS*PDMILL*2454E-5 $AMI=AMII*]1,6726-27
A=AVX116C4e /T2

A=ARS(AVX]11€C4e/TL )
T=PLEAVRR] 5% (14+2,66/SQRT(A))/(PR*AC)

T=ALNGL13(T)

(ALL DISCCT(T'TyByCva'ZO;ﬁyOvANS’

AOR=1e+10Cq ®*%¥ANS

VP=SQRT{Ze*1e38E~23%TE/AMI)

S=FLOVEL*SIN{ANG)/VP

T=A/{1le+5S%*S)

T=ALOG10(T)

CALL DISCCTU(T,T4D+E1P5,E1P54-20,9,0,ANS1P5)

CALL DISCOT(TyTyDsE2 422 ¢v=2C41990Q04ANSZ )

CALL DISCCT(T,T404E3 453 4=2Cy94y0,ANS2 )

CALL DISCOT(T,T4CrEE 425 ¢y=20+94C4ANSS )

CALL DISCOT(Y,TyDyE10,2104-2049,0,ANS10)

CALL DISCOT(TT9D4E20,5209-2C99+0,4ANS20)

CALL DISCOT(T,T4D4ES5C,45504=-2C+9,0,ANSEQ)

CALL DISCOT(T 4T yDyEIFsEIFs=2C+9920+ANSIF)

F(1)=ANS1FS ¢ H(2)1=ANS2 $ H(Z2)=ANS3 § H{4)=ANSS ¢ H(5)=ANS1D

FL{6)=ANS2C & H(7)=ANSS5D ¢ H(BI=ANSIF
ACF=ALOG10(ACR)

CALL DISCCT{AURGANR,yGyiHyHy=2CyB40,4ANS)
ANS=10e **¥ANS

F=ANS*SQRT(1e+5%S)

AREA=6428%PR* 2L

AN=4 o ¥AC/ (AR EARFX] 4 6E-19%SQRT(Be*1433F~-22%TE/ (3.14159%AMI)))

AN=AN*¥1,E-6
RETURN
END

LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS

LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS
LFS

2610



APPENDIX B — Continued

PRE-FLIGHT CALIBRATION OF LOGARITHMIC AMPLIFIERS

RAM C-I RAM C-II
Logarithmic amplifier, Logarithmic amplifier,
serial number 814 . serial number 813
VOLTAGE CURRENT VOL TAGE CURRENT

-+080 «100 -al136 «100
-6 060 «570 0000 298
-~e040 e €SG5 «090 e370
04000 « 7154 0240 «450

«+055 «830 «455 580

«150 «922 «780 «720

«305 l.020 «925 e 790

«400 1,85 1e115 «870

e 545 14175 1.375 « 950

« 700 1,260 14540 1.090

«850 14340 14725 1e240
1.055 1.480 1,825 14340
le210 14625 1,950 1.480
1.300 1.725 2,025 1,600
1,480 1.580 24140 1.8C0
1.600 2185 24215 2.0C0O
1710 24450 2310 2«3G0C
1.800 24665 2¢375 24550
1.500 31,030 24500 3.200
1e990 3.4C0 26 6CE 44000
2410C 3.89C 24651 4450C
20250 44E10 24715 54200
24300 54220 24765 6.0C0C
24385 64010 24810 T+3C0O
24500 Te 640 28¢5 8.5C0
2635 104490 24905 10,000
248CC 13,800 24940 11.000
3,065 20700 24980 12.500
3.200 24.9C0 3.040 144506
3300 284 £00 3,130 18.5C0
36460 33,400 3.175 21.CC0O
34 6C0O 364600 34230 23.5C0
3,750 49.500 3330 28,500
3.9CC 58,5GC0O 3430 34.000
44C00 €54500 34535 404C00
44200 8C+5C0 34725 5340CC
4e325 G2.7€C0 3880 654C00
44400 1344500 44C30 79.0C0
4e530 133,000 44110 90.0C0O
44600 162.,5C0 46170 10C.0C0
44700 22640C0O 44185 1324000
40755 271440C0 44190 135,020
46800 302,000 4e225 12C.0C0O
44900 392,0C0 4265 140.000
5.0CC 505.C00 46330 180.0C0O
54058 579.000 Le 480 277.0C0
54100 626,000 4e520 310,000
54170 717.0CO 4e615 35040C0O
5200 770.CCO 44770 550,000

Se264 1C0C.C00 5023 1€00.0C0



8¢

TIME

38665
38740
38765
38840
38845
389.0
38945
390.0
39045
391.0
39145
392.0
392.5
393.0
393,5
39440
39445
395.0
39545
396.0
39645
39740
39745
39840
39845
399,0
399.5
40060
40045
401.0
401e5
40260
40245
40340
40345
40440
40445
40540
40545
40640

ALT

3C2e ¢
29942
29549
26246
289, 4
2B6el
28248
2796
27643
27340
269,.8
26645
263,3
26040
25648
2%3.5
2503
247.0
24347
240s4
237.1
233.9
23066
2273
22461
22048
2176
21443
211.0
207.7
2C447
2Cla1
157.9
19446
191e4
18801
184.9
181.6
178.3
175.1

RAM C-I AND C-II COMPUTED GAS TEMPERATURES FOR PROBES 1 - 8

TEMPL

5870
5¢7€0
56660
5570
5470
54380
54280
S5¢190
5¢100
5000
4.900
44810
44700
446C0
44510
44400
44310
44200
4¢100
44000
3. 890
3.800
3. 680
3.580
3480
3.380
3,270
3.180
3,070
24970
2870
24760
24660
24550
24460
24350
25240
24140
2040
14940

TEMP2

70060
7.030
64990
64970
64920
6.880
64830
6.780
64720
6660
6580
64510
64430
6330
64230
64130
64030
5910
5780
5.660
5520
5360
5200
54040
44860
4e660
46460
40260
4,020
3,770
30530
3.250
2960
24640
24350
1,990
1.580
1. 250
920
«610

TEMP3

84530
8500
84460
84400
Be 360
84270
84200
84120
84050
7940
T+ 840
Te720
Te€20
Te4SC
74370
T.230
7.080
64920
66750
6467C
6380
64180
54970
577C
5530
5280
5020
44766
4e460
4¢140
3.830
3.480
3.110

-2e73C

24380
1.990
1.580
14250
520
610

TEMP4

9,900
G850
9760
9.66C
GeE6C
9+450
Ge320
9,190
8.06C
849C0
86750
8590
Be 440
Be26C
8eC7C
T.870
Te69C
T.480
Te260
Te04C
6,810
64550
64300
66050
5¢77C
5510
56230
44950
44660
44370
44090
3.720
3,500
3,210
2495C
24660
2436C
24100
1840
1.600

TEMPS

104630
104570
104490
106 420
104 340
10,250
10. 150
10,030
9+ 850
9¢ 650
96 440
9, 22C
9,010
86770
8¢ 530
84280
8,050
Te 760
Te 500
Te 220
66930
6o €40
6e 340
64070
5820
50550
54300
50050
4,770
44490
44250
3. 980
3,750
3.480
3,270
3,030
24820
24610
24360
20120

TEMPG

11,160
11.120
11.060
10990
10,900
10.800
10,680
104570
10460
10250
10,050
9 760
9470
9120
84800
8.470
8,180
Te860
Te540
T+ 230
64920
64630
64350
64070
54820
5550
5300
5,020
44800
4¢560
44320
40,110
3,900
34690
3,490
3.290
3,100
2+910
20750
2570

TEMPT

11.690
114670
11.630
11,560
11,460
11.350
11.210
11.110
11,070
1C. 850
10,660
10300
9930
94100
84610
84200
7.870
Te540
74230
6¢940
64670
64360
64150
54920
5S¢ 710
S+460
5240
5,020

. 44800

4e 560
44320
40110
3.900
3.690
36490
3.290
3. 100
20910
2,750
2.570

TEMPS

12,220
124220
12,200
12,130
12.020
11.900
11,740
11. 650
11.550
11. 450
114270
10,840
Se 850
Be 520
8. 380
74530
T+580
Te 240
6920
66 €30
60360
64050
5e 840
5620
5400
54160
40940
4e 120
4500
4e 280
44080
3.860
34 €50
34430
3,270
34030
24820
24590
24420
24 2C0

panunuo) — 9 XIANHdIV
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TIME

38645
38740
38745
38860
38865
389,0
3895
39060
390.5
391,0
39145
392,0
39245
393,0
393,5
394.0
39445
395,0
385,5
39640
39645
397.0
397.5
398,0
398,5
399, 0
399, 5
400,0
40045
40140
40165
402.0
40245
40340
40365
40440
40445
4G540
40545
40640

ALT

30246
2992
25549
29246
28544
28661
28248
279.6
27643
273,0
269.8
2664 5
2€343
26060
25¢€48
28345
25043
24740
243..’
24044
237.1
23349
230.6
2273
224.1
220,48
21746
21443
211.0
207.7
2C4e 4
2Clel
157.9
164. 6
191.4
188.1
1€449
181.6
1783
175.1

BAM C-I AND C-II COMPUTED FLOW VELOCITY FOR PROBES 1 - 8

VF1

«850
e 845
e840
«830
e 825
«820
«818
«815
«810
« 808
«805
¢ 8C4
«810
«830
« 850
2880
«910
«950
1.000
1,050
1,120
1,180
1260
14320
14410
1,500
14600
le 700
1,800
1930
2.C50
Ze170
24290
264420
24530
24640
2760
2.880
24990
3.110

VF2

l1e070
lell0
1e140
1.180
1. 200
1,240
1.270
1. 300
1330
1.370
1.400
l¢430
14460
1.490
1.520
14560
1,630
14650
1720
1,790
1.880
1960
2,070
20180
24300
20440
24600
264760
24950
3,150
34370
3,630
3,780
34940
4,050
4,160
44250
44330
4,110
44490

VF2

1le17C
16230
1.30C
1le360
1,430
1.500
1570
1l.630
1700
1770
1830
1,880
1.98¢C
2020
2070
2013C
24200
2286
2370
24470
2570
24690
24830
24970
3,130
30320
34490
3,7CC
3,940
40200
44480
44800
5020
54230
5¢38C
549C
54570
5640
5700
5¢ 740

VF4

1240
14340
16450
1e560
1.66C
le77C
1.870
1.980
2.080
24190
2.30C
20400
24500
245170
24630
2471C
2,790
24880
24980
3.100
3,220
3636C
34510
34,67C
3.840
44C30
44230
bebbC
44,7C0
4497C
54250
54580
SeT€C
587C
5495C
64C30
6,050
64130
6,170
6,2C0

VF5

14310
1. 440
1.600
1,730
l.880
2,010
24150
2.310
24430
24570
20720
20850
24980
3,070
3.160
3, 260
3.370
3,480
3,610
3,730
3,880
4. 010
44180
40340
40520
4e 720
44900
54090
50310
5540
S« 770
6,020
6,150
64230
64290
60350
66400
64 440
64480
6,500

VFé

1360
1.520
1.700
1900
20060
24230
2420
20620
24770
24970
3,140
34310
34450
3590
3.720
3,850
34990
44140
44280
44430
44590
44740
44890
50050
54210
54370
54530
5¢700
54860
60020
64190
64370
64480
66570
64620
64 650
64680
66710
6730
60750

VF7

10420
10640
14850
20060
24275
24470
2.710
24920
3.120
3,350
3,560
3750
3.940
4,120
44300
40490
40660
40830
44990
5¢140
54300
50440
56590
56730
54860
50990
64120
64230
€e 340
64450
64550
66670
6,750
64800
64830
64870
60890
60900
66910
6920

VF8

1,470
1. 720
1,970
20230
2.450
24660
2.510
3.160
344C0
34590
3,860
44110
44350
4,580
4,780
4580
5.180
5380
5530
50680
Se 840
5980
6.120
60230
66250
64460
6570
64660
66750
60830
64520
60580
T.020
T.C50
T.€70
7.C50
7.100
Te110
Te110
Tell0

psnunuoy) ~ g XIANHddV
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APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-I, PROBE 1

ELECTRCH €LErTRON ELECTRON ELECTRCH

ELAPSED ALTITUDE, CURRENT, DENSITY, ELAPSED ALTITUDE, CURRENT, DENSITY, ELAFSED ALTITUDE, CURRENT, OENSITY, FLAPSED ALTITUDE. CURGENT, DENSITY,
TLFE, FEET MICROAMPS  ELECTACAS TIME, FE| MJCROAMPS ELECTRONS TIFE, FEET MICROAMPS ELECTRCNS TIME, FEET MICROAWPS  ELECTRONS
SECCADS PEA CulIC seccwDs PER CUBIC SECTNDS PER CUBIC SECONDS sER _CuBIC

w0 CERTINETER] ) CENTIMETER w cenviveted s CENTINE TE
385,785 200989 «0h3 3., 99E+CH 392,256 257732 2 TSE«09 3344030 234997 1.018 b ISERCP 402,492 197950 175,000 2.75E¢1)
389,629 280704 2642 4 00EsC8 3930401 257640 396,875 234708 17,630  1.Tsfel0 <02051a 197782 151,500  2.31E+11
385,860 28€375 «b4] 4aCOErCE 193,427 257275 396,901 234541 184359 1e80E+10 197814 138,000 2008E911
389,525 280085 1hCd 4l00E+08 3930652 257100 236374 14,791 la41€e10 197319 1201000  1.7TIE.11
339,978 279753 wb&d 4o 00E+CH 391,497 256818 235081 9.817 BabtEsQY 197151 113.000 1a.81€411
390,021 279482 PLLR] s ODE4CH 393,523 256650 233914 21.492 24Z9E+10 196983 l1.120 TaklEsCE
390.047 27929% eb4] 4o GOESCA 393,549 256481 233748 29.63% 3,47E+1C 196689 1.150 TBTESOF
390.€72 215128 »%92 3. CHECR 393, 236168 0 233%5p 29,583 3.42E+10 196517 «9R0 Ge&BESCH
390,117 27E83S « 103 4.3BEs08 393,620 256018 9,9TE«Q% 233287 32.91% 3. 92E+ 10 196345 l.T10 lel14E409

278604 sb 4 4o QQELE 9. t4s 255867 Ba13FeC9 2107 32,323 3eBIEeIC 196019 12430 9.25€4CB

278192 » 703 4o38E+CB 25%550 bel0E*09 232021 l.247 Ba3GEsCE 195450

278025 #7102 fo&SESCE 255381 Se24E¢09 232053 lale? TebS€eCH 195682

277845 673 4y 20E+C8 25521 wTRESTQ 212484 1218 Bal5E¢C8 1953189

271352 » 100 4e JGESCR 254392 9.65€0C9 232177 » 94D be24E+CE 195219

277182 «733 4, 50E+CH 254726 lelbEe10 232011 1.033 0. BGEsCE 195050

271211 » 70 4qe39E+08 254556 1.108E410 23184t 0942 be24€0R 194755

276912 « 760 44 GOE+CE 254262 LelSEelC 23155¢ 1.€83 Te22EeCE 194586

276Thé « 733 4eSTECCH 254093 «42E+10 231337 2.522 194418

2786575 - 770 4a B4EeCH 25392« 1.12€¢10 231218 1.85) 194125

2786278 -85 5.)6E4C8 253629 lelaEs)C 220922 193960

276114 B4) 5429E¢CH 2534062 1.62F+10 230751 193794

27594F #8032 S.C4Ee(8 293296 leloEel0 23058C 193506

275658 »82) Sa17E90R 194,07 2532306 230282 193139

275488 »B886) Sa43ECE 194,102 252840 23C113 193173

278317 292)  sl17EecH 3340127 252675 225944 2.8aE10 182909

275018 363 5.43E«0P 396172 252187 229648 3e2bE+10 192745 204608 1a93E10

274847 «B9) Sea2F¢lB 194,197 252228 229477 3424E41C 192580 11.2390 Be39E 409

214617 «89) Seb2E«CH 394,222 252069 225307 3.36E¢10 192292 1€9.100 lakREe 1]

270364 l58)  o.cEEeCB 2941265 251815 229c08 3.48E¢10 192127 1204090 1.87€+11

274201 962 beLdEeCE 194,29) 251651 LeQQEs10 228825 3.528e1C 191961 129.000 1aPlE«11

274C37 1.00) bedeElH 394,210 251487 IeleEs10 228654 3. 26E+10 191671 1674090 2.37F 400

273748 1.208 Tob9E+CH 394,381 251196 «4%0E«]0 22683%5¢ 191505 167,520 24595411

273579 1.123% TalSE#CA 394,287 251033 1.37€+10 228185 191319 175.0C0 2et3E])

273411 1,081 be T4ESCE 3344412 250868 1a52Fe1C 228014 191047 214,020 343RE+L]

213k18 let9 TabOE+0B 194,457 250578 lebbSe1C 34r.536 azrr(s 193678 255,00 S IZECIT

272847 1.283 B.21E+CB 394,487 250412 lagnfelo 337.5¢82 227547 193709 202.520 Le20E411

27277¢ 12106 7.C5€+CB 394,506 250265  15.630  1.4T€e10 337,960 2273760 190612 5,400 4.026+09

272486 1.156 74IBEe(E 394,553 2469954 15,000 lakDEsIC 338.€13 22784 190243 128.300 1.T9E+11

272321 lal%y 7.38EeC8 394,579 249787 14,200 1.31E010 338,059 2246917 190072 147,030 Za12€011

27215¢ 14159 T.40EeCE 394, 404 249619 13,000 1.17Es1C 398.085 228749 189774 4l,0ca Lo kHEFIC

2718e7 te2806 B,24E+CH 334,649 249325 1 138,130 226457 189581 1,290 LR LI R}

271703 l1as517 $.3TEsCE 394,670 249148 368.156 226292 189412 «900 5.9E¢CB

271539 Va4b5 Ges3Esca 394,708 248971 398,181 22¢127 189119 138,000 1.9%E¢1]

n217 1as21 Sal3E+CR 194,750 24Bas8 3968.2246 22584 188959 12R.000 1.78E«1)

2711l la4ls B COECR 294,176 248678 148,22 225886 188782 128,090 14786411

270944 14401 9.01E+08 194,802 248307 . )58.278 22%533 188489 216,000 343311

27¢e5) 1387 8,92E+CE 194,847 248908 64897 S 38E+09 118.323 225243 188121 255,000 ©.055411

27CaRs le4l7? Qe 12E+CH 394,873 24TR&0 17.916 le 76E«1D 368,349 225078 188152 2904030

270318 12280 £a22E+CH 3944898 247671 338,374 224912 187959 290.03C

27C028 la%01 9.C2E+C8 394,963 247375 338.41% 2248624 187499 307500

26586C lewSe S.646F«CR 394,969 247204 358a445 224845¢ 187534 255,000

266493 te5b6 1.QlE+CY 194,965 267033 398,471 224289 186621 » 860

265&C1 1501 Se69E+CH 395.049 246736 338.%16 223995 186482 l.190

269204 let2s e BSECE 395.0¢6 2ub504 398,542 221828 198318 Le0s0

285067 la54s Q. 58E+LH 195,052 245393 358567 223661 186230 1.270

288772 1.564  1.CLE#OS 3950117 248004 1980635 222193 62247 4.51Ee0R 185001 1.5%0

268603 10595 1.63E+C9 I9Ele) 245924 3980666 223013 12,117 1.10Eel0 185693 124,900

268433 1.544 S.99E+08 395.189 245753 358,712 222712 lelod Te70EeCH 185398 120,900

26811C Lat4s 14 CTE*CS 195,224 285654 Be 892 Te36F4CR 194,728 222543 1.02) beB2FeLH 185234 147,000

267941 1e6&) leCHEeCY 395, 260 265285 Ta947 be4lE+Q9 198,763 222349 «98) ba55E+(8 185070 216.030

267172 1.737 e 13EeCT 395.285 245116 Te96Fe09 315A.008 222054 1.223 8.20ECH l1a&781 430,000

2674TE 12937 1.27E4CS 295,319 244820 1.09Fs10 198,834 221p8¢ 1.202 BuC6F+08 184611 575.000

2673CF 14835 1. 20E+09 395, 356 244650 1489Fe 10 398. F59 221ne 14,20) 1e34E+10 LBe&s] 4R5,000

287139 lel917 1e17E+CS 395,182 2446479 1.9R€4+10C 198,904 22142¢ 184142 38%, 000

266844 1.972 1423E+09 395,427 244180 2400E+10 399.151 21982¢ LB397e « 760

2656675 l1.998 1. J1E+CS 395.453 264012 2444E410 3994196 21553z 182819 «950

2685C7 LabS7 1+.C8E+09 335,478 263843 2.21E+)0 389.222 21536¢ Le3s1e » 900

2862113 1.791 L= 17E*0 195.523 2635417 1.52E+10 399,248 215201 18338 «A90

26¢047 2.7 12376005 195, 549 263176 1«97F+10 199,293 218937 183164 <850

265882 2.06%1 la78E~CO 305,575 243205 1.50E41C 396,217 218781 182866 1,030

265552 3. 789 Zet3E2GS 395.¢2C 242V08 1.31Fs}0 399,342 2188625 182699 «960

265426 3.837 2468E¢05 395, ¢¢8 262734 1.T1Es1C 199.409 2lslaa 142532 160,000

265260 40229 245%SF*09 395,873 242581 1.82Fe10 335.£24 216791 182219 71030

2¢4965 3.235 2422E406 195,713 2462200 1,)7Es1C 339,695 2le3z2 182369 224550

264831 3.2%3 24200 L9 335,784 242291 1.43E+10 386,722 215156 . 181397 126,000

2648668 2aT8% 1+ B7€0CS a5, 789 261922 1.3Afel0 339,767 215836 leCSEsIC 181399 147,020

2ea370 24693 1,82E+09 295,F14 261628 1.230010 399,761 215679 Ba63E409 181430 216,000

28e212 2042 1.62E+09 395,840 261657 1, CIFs 10 3959.£815 215521 181261 430,000

264045 3.251 2424EC8 395. €65 2e12¢R8 26,758 2.70E41C “l0.163 213223 1829¢5 5404000

263752 &aCba 2487E«Q9 235,917 240992 18.205% leBZFeln 4004189 213752 be2BE+CB 189794 575.200

26135P5 “e 503 3.22E-C9 3954935 240822 22.997 2abbFelC “20,215 212081 bu6BE+08 18062) «B40

263817 5.487 &y QIELS 395. 682 260651 20153 24CREsIC 4004280 212584 6.B2€eC8 180325 aB40

263122 b 247 Ca& 76400 395,007 240152 17.087 t.bAES]O 430,234 2i24z¢ BeT5E(A 180158 «960

262984 84267 6. GTE+0S 234,003 240| B4 18,940 1.92E41C 4C0, 38 2122¢17 6.CHE+CH 179991 = 880

282785 6s811 5.17E+09 396.05R 24GOLS 18e854 1.88E030 “JC. b4 21003% baBAECCH L79688 «B60

26248 6e819 S 17E¢CS 396, 1CY 239719 19.239 1e96E41C «00. 872 2097882 baS5E4CE 179517 « 900

2¢2320 s.810 Sy 17E«CS 29¢, 129 239548 22.829 2.4%E¢10 420.699 2C9s9¢ TeCOESCP 179349 «910

262150 taB897 Sa24E2CY 306,155 23917 15.520 latBE+10 420, Tue 209388 bebBESCE 179055 262,520

2e18:2 5.839 4 3GEHCS 2196. 200 239079 4574 3a41E409 430,770 205217 T.COE+CH 179896 216.0C0

20l168C be1R| 4o BDE+CO 396,226 238910 2,682 1.8B%e¢C9 400,756 239047 bal3EsCH 17A717 157.570 2421E+1)

261432 bab51 Ly BEESCS 238,251 23BT2R 4937 3.728eC8 400,841 208749 Ta15€4CE 178422 30.09C 2.83F ¢

21182 60381 4l8IEeCs 336,796 238431 5,635 L,228sCa 436.p65 206591 3.69£400 178256 162,020 2.185e11

2elC12 bab22 L @3IE40Q 396,222 238263 222062 1.56Fs09 4N0.889 208431 Ss10€+C9 178390 138,000 1.R2E+11

26CR42 Ta03> 5440€E+09 39, J4a 238993 6a522 Se118+09 43l.229 206187 beBGEICH 177190 216,025 3 loF+1)

2&Lr4E baB17 5,19Es(7 29b, 303 237796 27,762 3.14E+10 471.255 20601 ¢ T.08E*LR 177024 365,020 SehF 11

2£C3TT Tas?? 5. TBE4CS 39b.4)Q 237629 30.275 3.51E410 471.281 23504¢ Ce52E4L8 177469 411,500 6,68E+11

2¢C20F Teld0 5. LTESOD 196, 464 237862 28,326 3, 226410 4)i.328 20554 ¢ 50 99F¢( B 177180 Tel2E+11

259514 Ba 455 baTLEDY 396, 4R9 237170 22,829 2.64E 410 “31as1T 204%48 Ta21E¢CE 177018 «11Fell

258746 1le4s3 SaT7E409 2944515 237004 23.510 2.54E4 10 8Ile4ed 2Cal7s Za13E+C9 176851 TadeEsll

25657¢ 10.4RS By THECS 396, 540 236838 2l.380 2425€¢1C 401,469 204605 3.57E¢10 178565 5204000 8453F41)

2562P¢ 10.E15 9. COE+CO 396, 5% 236547 254314 2.79F210 &%2.132 20024c La91EeCS 176403 LlelRFe12

255117 11e796 1.ClE«1C 396,811 236180 30,275 32515418 402157 200Ce3 2.TNESCY 176262 1.THE+12

258649 104524 Q. 21E¢CS 39648627 238217 2B.694 3.20€410 4324201 19980¢C la21€4CS 175359 W TTE412

25€65% Te132 Se4BE+0S 376,882 235922 «959 6e35E2CA 4924227 195634 T.89E¢CE 175797 1277E¢12

258:91 T.2303 Sat4Ee0Q 396.7CH 235756 1.020 beTTESCR 402.2%2 195494 64 90E-OR 175634 To26E+11

251352 beshl 4 BIEACY 3964734 235590 1.231 B.225sC0 %)2.296 19920 SeS8FeCP 175351 lat3ell

250065 5,639 4,0)£e00 396,775 235325 1,009 6.70teCR w2.622  15£607 SeSSENCO w05.686 175190 ENSIONH
393,170 257899 LTl 3.4 TE2D9 3190, 805 2315181 14223 8.03%4080 402.4%T 19e241 16C.00] 2.%8E¢]1
U meter - 0.3048 feet



APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-I, PROBE 2

¢LECTRON
OENSITY,

ELECTRUNS
PER CuBIC
(w0 CENTIMETER

ELAPSEN

ALT1TUDE, CURRENT
TINE FEE “ICROANPS
SECONDS

ELASSED

ALTITUDE,
FE

(O]

CUREENT
RICADANPS

ELECTRON

CENTIMETER

ELAPSED
TINE,
SECONDS

ALTITUDE, CURRE:
FEE AICAOAMPS

1
)

e

ELECTRON
DENSITY,

ELECTRONS
PER CUBLC
CEMTIMETEA

ELAPSED
TIME,
SECONNS

ALTLTUOE,
FEET

(01

CURRENT o
“ICKOANPS

ELECTRON
DENSLTY,
ELECTRONS
PER CURIC
CENTINE TER

287867
281729
271269
280569
200684
2ac519
280254
2n60ee
2798°9
279732
270461
279274
2791c7
27R014
278062
278471

3.93E+08

250920 A.TOETT

LAY

303,307
391,313

303,359

306,885

758635
25R4T1
256332
258044
257378

2315901

€. 286409

3.106410
26504

396,711

235735

15928

5.4BEe08
5.16E+08
5.0%Ee08
S.78E008
6,07EeC8
2.51Ee10
«$0E+10
1.01E+10
1.21Ee10

3,56E¢10
4.39Ee10

“u3EHIC
6.T9E+00
7.56E108
6,06E40R

RN
3.qskelo
2.0t

6.3TE0C8
&o27EeCA
6.13£128
5.52¢ 08

8.42E4L9
1405E010
SEeT

3.95€408

2.98E 119

“c2,42%

“ct, R

190388
198221
197929
197761
197593
197298
19713¢
196962
196667

175169

S6C.CPE

Z,59¢ 610
3.66€011

6926011

8] meter = 0,3040 feot
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APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-I, PROBE 3

ELECTRCN ELECTRON ELECTALN €LEcTaon |
ELAPSED ALTIFUDE, CURRENT, DENSITY, ELAPSED ALTLTAUDE, SURRENT, DENSITY, ELAPSED 4LTITUCE, CURRENT, DENSITY, ELAPSED ALTITUDE, CURRENT, ODENSITY,
Tive, FEET  WICRCAMPS ELECTRNS TInE, FEET  WICROAKPS ELECTROWY TINE, £ WICRCANPS  ELECTRCNS TinE, FEET  NICKOANPS ELECTRONS
SECCHDS o PER CUAIC SECCADS . eER Cyly SECTNDS PER CUBIL SECORDY FER CUBIC
. CENTINESER * CENTIMETER (a} CENTINETER| (Y] CENTIRETE R

389,009 2ai70e 2.83EeCe 193,240 158450 €.60E409 336,715 235715 5.756+08 402,259 199457 1,320 7.79€+08
383,760 281248 3.76EeC 393,300 23M311 1.79€009 396,740 235549 6036002 402,3C5  19918) 22,330  1.51Es10
249.E3s  28Cee3 3 I9ECE 393911 252023 926400 396,786 238284 402,428 198366  8C3.600  6.06E+11
339,801 280498 3,596 0B 393,331 257837 €.58Es09 236,831 235120 402,454 198200 590.000  S.B9€s11
189,887 280337 3.59€eC8 395362 257a%0 36, E37 234954 402.499 197908 5504030  S.56E+1%

281044 3.28Ee (0 293,408 251359 396,802  2)4sde 402,525 197740 685,000  «a13Eell

279878 “e26E0CH 391,493 257213 354,908 234499 402,550 197572 395,020 3,85E41]

275712 2. T5EeC8 257087 396,933 234332 402,595 191217 250,000 2.56Ee1}

279420 3.92E0C8 2567Ts 196,979 234839 402,621 197100 £8.000 AJtOEeLC

275254 3.59€eCa 256608 357,064 233873 402,667 195041 714020 1.40Es10

279C87 3.53Es (B 286639 197,030 233708 402,652 198640 24250 te3%Eelq

2TRIN2 4.04EeLH 23613 357,075 233413 402, 71% 19847« 24830 l.56E+Co

218621 4o13EeT8 255974 387001 233244 4Q2,744 196302 5,050 3096409

270449 PaTEReY 255605 233073 402,790 195976 16,000  1.03Es10

278130 “cd8EeCE 293508 2121719 3.81E07 432,805 195808 10,000  4,34€409

277903 “a38EeCH 255339 232610 5.33E+08 432,840 195640 5,600 3.é4EeCH

277804 “aobfeln 295130 L6226 1126010 232452 #02,885 395346 255,000  2.28€s01

27155 ausaEe(n 254850 19.845 141410 2213t 42,512 195106 307,500  2.80€+]

271338 “et2ecn 255682 21.226 233970 402,437 195007 4\7.830  JuS3EeIl

212188 $a05€ecE 258518 21.830 23180 402,667 194713 687.000  AJTIEef)

276870 “s bQEON 256245 21.53% 337,282 231513 “Cl. 0w 196546 060,330 B.aSEety

27870) Sel1E+CH 254150 22.829 351,187 231344 LalQEeln #0303 194376 1 000,000 1.026#12

276517 %a BIECCP 253881 224313 3974413 23117 1e10E+10 4C 1,080 194084 820.020 B9+l

218238 Se1lEv08 253547 22,171 331,458 0BT 1.59E+10 403,105 93918 420,830 baD&ESL]

216073 $e19E4CH 253621 22.829 lesbEr10 397,484 7310708 403,131 193753 430,020 L I AR

2159c7 Lo28ECE 253255 ?4a215 1.78E410 403,178 13346k e bDO 2.894C@

273616 5.20€4C8 252964 264942 1,BAEe10 03,202 1932980 12,330  T.91EeCY

275645 5e 3XEeCE 252199 25.843 1,93Ee30 403,227 193132 %.400 24696409

2152 Se1TETB 252034 25,121  L.66EvID 402,273 142488 30,030  2.DVEelC

274575 seCl€eca 232347 21,850 1.586410 a.1sEv10 403,209 192706 15.920  2,525+10

274005 5,50€+C8 252188 19,235 1.3eE+l0 e435 010 403,326 162539 43,000  D.0BEslC

278821 506269CA 252022 1652 1 13EeMC ba35€ein 403,389 192251  307.500  2.77Eell

27632% ©r4dESCE 251771« 18.00Q IaZ24E 1D LoL3E010 403, 39% 152085 283.000 3.55F411

275180 6. 74408 251610 21500 L.5SkelcC 4.98€s10 190920 430.030  K.DIEe17

273998 b 85€4CE 251446 24,020 1.T4Es 1D Seb0Ev (D 191810 34704020 Se358%1)

273708 7. C8FeC8 2%31137 21,250 2405EelC 4o JEEYLD 191lass ©60.030 Be<OES])

273537 Go TIESCH 230992 28,500 2.18E030 3.0des 10 ADY, %18 191297 4f0.030 Ba73E4])

213368 e GIE€4CH 250826 304500 T3BENVIO 2136410 403,503 191305 1.00F+12

2730713 2505)8 32.000 Zu&TESLC 3.88Er10 403,587 L9CB3s S00E+12

212905 250170 31000  2.3HEei0 60 SCEVIC 190687 140DEs12

12138 25000¢ 30,230 2.316s10 8.9SE+1C 196370 53,000  4,86€e10

272045 249917 27.000  2.026+30 Bo29E+10 190200 202,090 1.TIEel

272208 269745 284500 LeMENIO F-68EIC 190030 175,000 A,44E+]]

212015 249527 22,500 leekEelicC 1.03€s11 23010

27182¢ 269280 14.700  1.32€%10 80 35Ev [ 5.02F108

171662 245004 220500 lassEvie TawiEsto

271458 268225 194100 1.33€410 9.08€208

233 248500 18,450 1.34Ee1C 40206408 ~03.876

271088 208438 204151 Li44EsiC 14C3E909 «q3.qc?

270503 24826 24570 1e82Ft0 24 29E¢CG 41,66

270811 267964 28,326 2.14Es10 2004E¢10 493,973

27Chh4 263797 33.057 2.57E01C 2.976+10 4D3.695 1BAl1G 1003.000

27211 247628 320573 2e51E010D 4al3Eel] 405, 06) 187819 .

2694884 261332 3t.259 2a40E410 S.uGEell &0&, 068 1BTHSS  1000.000

269418 26161 3443 2-33E1C £, 256410 1B7498  1003.090

263052 1sCREeQQ 246991 29935 2s2BE01C Ta28E1C 186441

269360 1. CBErO0 246692 28878 2s1RE«10 BLL2EVEIC 186277 «840

209192 le)SE+O® 246521 29,235 2022E410 Bab2Eell 185988 T80

269025 1s20F0C9 268350 J0.1G5 243CE410 l.11€¢10 185819 109.0C0

266731 10248558 245052 29,412 2.24EelQ 2.70E0C9 404,386 1ASeb1 385,000

264501 1e48E005 245881 29,588 2.23E41C 6.CRESID 404,429 185357 176.9¢0

26833C 1s32E+09 5710 12,274 Be11E¢09 2.6BE4 1T 424,455 185)9) 560.030

208064 1a&9E+09 245412 31.578 Tob2E+00 By bBESDS 40k, 480 185729 1000, 000

267855 12536000 265243 14.8¢5  1.00E+10 l1.C1Fsfo 404,525 \peI®  10C7.000

267730 12586200 24576 17,630 L1.24Ee10 telSEsdc 404,551  18aSes  1067,090

257430 1. 7Q€ 400 264778 162339 1. 13€+10 AehZEP00 404,577 184398  1007.C00

202266 1o 736009 2eabDT 30873 Z.T2E410 «a0284(5 404,622 184101 10004030

282¢87 147)€004 395,388 Z4ssds 36,329 2.78E+19 2.5Q€ 10 “90L71R 183a75 - e40

284801 LebJEeO? 29 L ELTARL 14,604 TLTLESAC 5.21E+10 AQh, Tag 11339y 520 1aQhELCE

2444712 1e8YE4T O 241389 14,929 2.TsEel0 Ga41E%10 aCaLBle 182424 o0 2.8bE4CA

268465 1es6EeCy 263800 62830 <Ge ALy 182357 648 ,30EsC

284172 2.00€4CS 28350 e BIENLY 404, B6S 182490 365,020 3alarFsyy

26800¢ 2.39E009 263133} 423216 “N4, 810 18219 195,582 lesREe

265840 3.1QE«09 243100 Bel4E+00 406,978 182025 175,080 1,6GEel]

285551 daBREAL9 2462083 Ba4TENQS 434,581 Lalehs 385,000

288700 4230809 242691 2.976089 408,07 1alsSe 869,030

2e5218 4o 18€ece 242510 letstele 495,002 {R1387 209,090

264908 34 BOF+Cq L22NP T.62408 AT3,C050 181219  1000.C20

268750 34226409 242047 1000,020

LT 2.93E<L9 241880 15,000

266337 30120409 20168 .920

264170 3a JRESCS 2lely =780

2t 4003 2. 58E+C9 161250 «730

20313 e 13€eC0 263350 +730

261542 belULeDC 240719 «820

263378 508100 240608 2e8)F010 820

283CR) Te4)ELCO 240310 2e8JE2L0 =73

2e2917 Te 276409 e84 2.6RE 1D 165, L0

2p2782 8. 40E¢0T 219912 TabhESLD 605.020

262467 Te19E+0C 239678 22 TH2E 539.000

262271 5.81E000 239508 2092£¢10 Teu200

2s2108 @.BYE4CE 239135 TeO4E+0Q 4A%,00¢

281AC9 5= G0E90T 739038 13,929 Do bDEL DO #8%.000

28i6l2 bu5GECLS 234887 33050 Qe DREeLO 1300.020

lans e B0EeCQ 218686 13,870 e 2eEVLS 1007%. 000

261134 TasSEXCH 234390 13,4%4 Q. 04EsCQ 1099.000

260969 LaSEALS 23qz20 14274 B, 726409 1000.930

2sCB0C T, eSE000 I3890 60.024 S.27E¢ 10 1009090

260504 be 736000 237145 55,9583 %.BDEs10 LakBESLC 1000.030

260919 6, B1E€0Q 237507 53,882 “ab2Er1D Se6)FeGE 1000, cCO G.91Eel]

260166 Taa3EeD? 23720 52687 “e%9E# 10 S5.40F+CA 1007.0L0 SeB2EARL

235872 8,360+00 231129 39,06l Jel13Eel0 4“e THESCE 009,000 Q9,111

2597¢4 72 99E+09 238362 34,788 2.TAF 41D 4s TRE(E 1000.¢00

258537 l.10Es20 238796 3b.TOR 2.91EsT0 laB&ELCS 10004020

256240 Io 13Eel0 2345Q8 45441 3.T6E)0 e 23600 100g.cCO .92F el

25%a1¢ l.18E+10 2348339 48.872 & LCESLD 3. TTE*10 415,907 175101 1000,000 9,92£41}

2589¢7 Lal3Es10 23a17r2 34,028 240%E41D <eQ2E409 405, 552 175147  1003.020 9,728 012
340215 258614 13,693 Q.15€+09 Weaess 235881 14086 o.26E¢CH §32.234 199593 15000 9.73€+09
) oeter 3,348 fret
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APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-I1I, PROBE 4

ELECTIRCA ELECTRON ELECTRCN FLECTRON
€LAPSED ALTITUDE, CURNENT, DENSITY, ELAPSED ALTITUDE, CURRENT, DERSITY, ALTITUCE, CURRENT, OERSITY, €LAPSED ALTITUDE, CURRENT, OENSITY,
TIvE, FEET  KICRCAMPS ELECTREAS TLre, FEET  MICADAMPS ELECTRONS T1PE, FEET  NICROAMPS ELECTACKS TIvE, FEET  WICROAWPS ELECTAONS
SECCRDS w PER CuntC SECONDS PER CuBIC SECTATS PER CuBIC SECONDS PER CUBIC
- CERTIMETER Y CENTINETER [} CERTINETER () CENTAETER
339,646 201855 4853 4L3AEeCB 353,172 258886 214535  l.43Eel0 358,718 235694 5,61E+08 402,338 199140 42,000  2.7BE«10
281587 .803 393,218 258594 «O6E+1C 44 233328 B 15E0CH 198511 540,000  4,89E+11
281519 <703 393,243 258430 9458E409 396,789 233204 S.4bEeCE 198345 8a16E011
281228 «803 393,269 258291 [T 396,814 23810C 7.33€408 198179 64306011
281091 <783 393,314 258003 64926409 70,240 234933 s.02z48 197887 8.29E411
280928 «803 363,340 257836 64256409 85 234645 Jae3Ee10 191719 82COE011
280643 «86) 393,366 237670 - B9E+L0 11 234878 «42E01C 10755} “yenfell
280478 ~903 393,511 257378 1.43E+10 396,937 234311 1.60E410 197256 2,855 411
280313 +903 393,436 287213 L.88E+10 356,982 234018 197088 2.02E+10
28€023 <893 393,462 257047 2.10E410 3e7.0c7 231852 196320
279837 .84 393,307 256755 2.1iE010 357,033 223888 190624
219891 4903 393,933 250587 2.176+10 397.078 233392 195452 3.14E9CH
279400 +903 293,559 256s18 2.03€510 3670106 233223 . 198280 787009
279233 .43 393.8C6 256122 LosgEs1e 397,130 233054 T.57E010 195955 1.99E<10
279068 »902 393,630 235953 1a43E¢16 397,175 232758 “s20€0C8 195787 1.31Es10
278771 -913 393658 255782 1e4CEeC 397.200 232589 2.22€0c8 193819 4eTeEe10
27080C «923 393.7€1 255487 1.05€+20 397,226 232421 6 TAE+CA 195326 345, 2B4Ee1]
278428 «943 393,726 255318 SEe10 197,271 232114 5.45E4C8 195155 430,000  3,62Ee1]
210130 o912 393,732 255124 1.40E0120 391,296 231945 s.6260Cn 194986 $60.000
271963 «5A2 393,797 254829 1.93E410 397,321 231784 194691 1000.000
277183 983 392822 254661 2.068010 397,365 231492 196523 1€00.000
217488 «923 193,848 256493 2a18E41C 397.390 23132} 194355 1000,
2717318 993 393,663 254198 2409E910 397,416 231154 9.01€+11
217147 1,093 393,919 254029 N 35T,401  23CB38 TaZREe1L
276849 1.023 393,945 253860 2.14E010 397,487 230887
276080 1.2 393,990 253566 2.10E%10 397.513 230518
276511 1.08) 394,015 253400 2.18€410 397,558 2130219
276217 14043 394,041 253234 2.20Ev10 157,583 230050
278052 1.043 394.€86 252344 6Ee10 317,609 229881
275288 1,073 394,111 252718 2.276010 397,656 229584
213594 1.103 374137 252813 357680 229413
273424 12063 39%.181 282127 337706 229241
213293 1.c83 394,206 232188 9% 151 228971
274954 1123 3542231 252009 357,777 22878}
274783 1,083 394,275 251756 397,803 228590
274600 1,183 394,300 251589 357,048 228292
174304 1,213 394,326 251475 2.08E<10 3T, T4 228120
274140 1,223 3940371 231138 2108010 357.900 227950 2.60F¢10
273973 .33 394,396 253971 2.43601¢ 397,948 227852 6.68Ls10
273085 1a307 294,422 250806 39,030 ZeMiEelC 117,972 227481
273518 1,372 194,467 253516 42,000  3.11Es10 157,998 22731%
213307 1,333 394,492 250360 39,030 2.B4E.1C 3M.0e) 227021
213052 1334 374,518 250183 14,300 Ze4e£e10 198.C60 226854
272484 1,308 3940361 249891 31,000  2.18Ee10 378.C83 228086
212717 10358 394.38R 249724 30,000 2.10(410 199,140 278395
272474 ledis 3%4atls 249558 284500  1.9BEslC ISRL1ES 220200
212259 1,564 174,859 249250 26,530 1.RZE4L0 198.191 226060
212094 14578 324,086 249081 28,500  1.98Es1p 1164236 22577¢
271800 1763 394,713 248904 24,330 1.88£e10 3262 225037
271641 leaey 194,760 248584 21,692 1.43Fel0 328,238 22571
271e71 1.964 394, TA6 268614 30,937 2.17E+10 316,333 225181
271214 2,079 395,812 248261 33,480 241ALs 10 198,358 225016 188uA9 1003, 000
271048 1.984 3940F5T 267745 34127 2443Eelr 398,104 226881 187799 1000.030
270302 2,044 394,882 247778 39,041 2.€3£410 130,429 724501 187638 1000,000
27¢59¢C 2.C19 296,9C8 247607 3447CB  2.65£+10 393,455 224393 1are7y
27¢42) 1.967 394,957 247311 36274 2.44E000 370,481 224228 166557
210250 1.891 394,879 247140 33871 Z.41E+10 18526 223932 186420
269984 1.87> 194,€0% 2646969 34,159 2.43€s10 393,551 223765 185794 lellfedl
265791 2.159 395,050 245470 33,75  2.,40E¢10 190,577 223598 185632 3.59E 011
265631 2000 395.C7h 245500 33,756 2440E+IC .62z 223302 15317 - <CIFell
265315 2181 398,102 248323 34,42l 2.48E410 398,660 223127 18517) 110,030 6.1TE4l]
260172 2,363 395,147 266330 33,892 2441Fe10 398,676 222952 185008  1000.C00  B.SlEell
269004 2,882 395,173 245850 32,473 2.30Eele 396,722 222aat B.90F 411
268709 2.563 395,199 245689 15,172 9.49E409 3IMLTAT 222480 8.90F 411
268535 FTH 205,244 245391 16.G89  loQLEelC 358,773 2222me
268169 1.101 395,269 248222 20308 l.35ceiC 37m.618 221991
268040 3.302 395,295 245051 27,782 1.92Ee1C 398,043 221823
267078 ErtH 395,340 244758 34,159 T.A4E+10 392,869 221653
267109 3a£25 395,366 244586 48,003 3.65E410 399.135 219924
267414 1.€37 395,352 244s1% 540217 4 22E410 199.1¢1 216737
26726 Jutes 395,437 244117 52,647  4.07e)C 399,206 71047C
267C7 1, 347 395,482 243348 50.C16 3. AIE410 399,232 218304
288780 a1ar F0S,LRA 263779 45,4kl daeptelc 399,258 214163
26e612 Yco 195,533 24348)  Ja.604  2.4TE410 399,302 219878
2eesea 2.97a 195,859 243312 3%.BTI  2.41E410 399,326 218722
268151 Joske 395.5R5 243141 340290 2.¢36410 199,351 21836t .
263605 5585 395,630 247842 J4.6T8  2.485410 199,394 z1829C 29,090
26582¢ s.4a7 395,635 262569 33.A%2  2.410+10 109,834 218720 181366 100,030
2¢5530 7,547 395,602 262697 34,985  2.50Fs10 3390679 21esd0 181167 1000.000
205363 8,180 135,727 242197 43,822 d.TSEelC 399,7¢5 216238 180991 1000,006
265167 G.21% 395,753 242224 9,622 3796410 3,731 Z1e06C 180730 134.C00
2eaace 7,849 295,770 241859 3A.6T1 24826410 199,776 2ts577A
284765 7,050 195,826 241581 32,473 2.29E410 195,200 213620
264805 54994 395,840 241396 62.478  4.5AFe10 199,826 215462
264318 1139 395,873 241225 51.882  4.17E+10 430,173 213159
2064145 Tab4T 395.620 240923 57,638 &l82[e1C ©30.199 212988
263982 1,849 395,506 240758 #9224 A TSEe1C 400,225 212817 ~C9EeCA
263892 Ta947 395,672 240587 44,552 3. 336410 420,269 212525 Sa3AEeCH
203522 10593 196,017 240289 43,441  JeaiEsl0 ©09,293  212)6¢ 8917011
263354 11,902 296,042 249129 &l.leT  J.5AEs10 400,317 212208 178823 1000,C00  B.31Eel}
263060 13.809 396.C68 239951 50,790 Y.A9Eel0 400.856  20597¢ 5435011
242891 13,572 398,113 239885 54,352 a.23EelC 430,6A2 209757 9re10
262122 13,18 196,139 23qmes 32,913 2.13¢e10 430,708 209625 £.05€411
282426 13.CT4 356,165 232313 5,934 3.44FeCS 420,75« 239324 Ta21E011
26225¢ 13205 396.21C 239015 17.387  1.13Ee10 %00.780 269153 8916011
2e20M8 12,757 296,235 233846 17,173 lulacsio 4004806 2C898) 8.91E11
261787 12,224 396,261 238685 14,541 9,26E4€9 430,074 208332 BE¢11
261590 12,438 398,306 238367 18449  1.07Ee10 400,898 206373 177010 1000.0C0 1
261418 134390 306,332 238199 12,566 T.8SEeCq 491,239 2€8123 176954  100C,000  8,91Fe1)
261118 12,969 396,338 238029 80.533  B.726e10 431,205 205952 2.68E0c8 176790 1900.000  B.91E¢1]
26C948 124907 396,433 237734 730448 6.02E41C 431.291 205782 Se33eeCE 176506 10C0.030  A.915+11
260715 13,693 396428 237566 89,091  S.59Ee10 431,335 205488 Jabategn 176342 1700,030  B,91Ee11
200482 13,393 396,454 237399 66,811  5.37€+10 4314479 204561 1.10Ee10 176181 1300, 492Ee11
260114 13,285 196,499 237108 55.907  4.15E41C 402.117 200345 1.236011 175498 1000.0C0  £.92F+11
260145 1a.91T 398,824 234%%2 33,005  4.0BEelC 432,142 200184 1eB1EelL 175736 1000.000  B.92€+11
255851 17.067 396,350 236776 55,888 4.Z5E410 432,187 200022 2.34E418 175574 1000,000  B.97+1)
256683 194237 396,595 236485 61,071  4uNZiel0 432.211 199738 9.81E+09 175290 1000.000  8.92€411
259516 20,464 396,621 236318 044393 5.1A€410 402,237 195572 4e94E¢10 4CS.95% 175129 1000.000 8.92E<1]
256222 22433 396,627 236191 3884 2,10E409 432,263 19S431  25.000  1.38E+1C
236C84  21.533 398,692 235040 1.203  6.726+06

A1 meter = 0.3048 feet
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APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-I, PROBE 5

ELECTREN ELECTRON ELECTACH ELECTRCN
ELAPSFD ALTITUCE, CURRENT, DENSITY, ELAGSED ALTITUNE, CURRENT, DENSIFY, ELAPSED ALTITUDE, CURRENT, DERSITY. ELAPSED ALTITUDE. CURRENT, DENSITY,
TIFE, FEET  MICRQAMPS ELECTRCRS TiME, FEET  WICROAMPS ELECTRONS TIE, FEET  WICROAMPS ELECTRONS TIvE, FEET  MICROAWPS ELECTACKS
SECCADS PER CURIC SECONDS PER CUBIC SECENDS PER CUBIC SECONDS - PER CUBIC
L] CENTINETER () CENTINETER, () CENTIRETER ) CENTINFTFR]
3A%.649 281834 “.coEeCE 393,123 255201 21,535  1.35E41C 396558 236464 71,037 3.30EelC “02.266 199411 16,700  9.91£4c9
389,675 201660 393,149 259033 20,692  1.36Ee10 236297 TT.317  B.ESEel0 402,311 199119 65,000  4.2TE+10
261450 3030176 258865 20,464  1.276+10 236130 20731 1.48E409 402.4C3 108430 050,000  5,37Ee1]
261208 393,221 256573 17630 1.08Eel0 235839 12275 6.57EecE 4020435 198326 165.000  6.40E+11
281071 1030247 25409 1b.226  9.81EeCS 225673 10166 Ga38EeCA 432,460 198158 1000.000  B.54Ee11
2809c8 393,272 258270 14.29%  B,52EeCO 235507 1.213  6.6BEeTA 40205C5 197866 1000.,000  £.53€¢11
280622 . 330317 257982 12,331 7.246409 235243 10251 eafoEeCE 402.531 197090 1000.030 853411
280457 403260CR 393,343 257815 11,489  6,68Ee0% 235079 12955 1.C7E«09 402,557 197530 710,000  5.90Es1l
280292 4i32E5CH 3930360 257049 Las4ll  BlolEeCD 232914 10153 6.326+08 4020602 157235  430.000  3.42E+1]
28002 41lEsCH 257358 261962 1.59E1C 236024 5b.26l  4,04Ee1C 402,628 197067 28,530  1.15Ee10
274830 asaZEeCl 257192 29,412 1,92Ee1C 230637 39,041 20856410 402,653 156900 58,000 3. 77E+10
2798 7C 257026 31,259 2.C3E+10 234200 320767 Z.17EelC 4020658 196603  27.500  1.68E¢1C
218319 25873 32,323 2.13Ee10 211997 48l4lS  1.)9EelC 02,726 198631 l21Ee00
279212 256566 31.575  2.08Ee1C 233831 72,226 5,39Ee1C 402,751 19623 1os8EelC
279045 256397 29,508 1.93Ee1C 233664 Bl.965  bu24EelC 402750 195934 30536010
278744 256101 200076 l.t7Es10 233371 S6.286  7.52E10 4020822 195766 2lzaes1c
21572 255932 24,942 1.39Eel0 231202 99,624 T.82Ee10 402,847 193548 3.03Ee11
278436 255782 21.692  1,38E¢10 233033 102,312 BL0GE«IC 402.892 195303 3.89E+ 11
278104 255486 18,697  L.1sEe1C 232137 1988 S.4cEeCH ©02:918 195136 4r9LEe1l
211924 255297 19.089  I.I8EelC 232568 10169 &.43EeCH 402,544 194985 5.88€011
217762 255103 230167 Li4TEw1C 232400 Jes5  sl2aEeCE 02,989 194670 LasEelt
277067 254608 29.762  L.9<Ev1C 232094 1550 s.23Eeca 403015 194502 AecRERl)
217296 254640 31,259  2.06€<10 231928 $700  3iasEecs 03041 19433 e4BEL11
217126 254472 31259  2,08Eel10 231783 1853 4. T4E+08 433.C86  194C42 8laaEe1l
276828 254117 311575 2,08Ee10 231471 270003 L.TeEeIC 433112 193877 BoinEel)
27665 254300 320323 2.03€e10 231362 35,130 2.3¢Ee10 1937112 1.45E411
276490 253839 32,323 2.13E+10 23113} 380100 2.57Ee1C 193423 8.3RE+10
278197 25350s 320323 2013€e10 23¢83¢  #5.000  3.10EeIC 193256 6103€+1C
276031 253379 32.761  2.17E+10 230666 54.50)  JLETEeLC 193091 S.16E¢10
275066 253201 320621 2.16E410 230485 560000  3.9SE+1D 192827 18Ee1C
275573 252923 330680 2.22E¢10 230157 73,503 S5.46Eel0 192662 41336410
275402 252158 33.619  2.23Ee1C 23¢028 93,000  6428E¢LC 192498 S.lsEele
215231 252503 330340 2.21841C 229859 85,000  6.4S€410 192209 52086411
274933 252308 31.8AT  2,10E010 229567 58.503  T.o4EsIC . 192044 5.72641)
270762 252148 304463 2.00Ee1¢ 229302 $5.000  T.326¢10 03426 191879 as€ 11
214578 251989 27.378  1.77Ee1C 229221 102.003  7.95€¢10 403,471 191588 945011
274264 251733 28.500  1.BSE¢10 226910 56500  T.43Eel0 4030437 191422 100C.000  B.45Es1l
214119 251569 30,000  1.96€+10 226735 51000  7.ILEeIC «03.622 191256 1006.C00  BLeSEell
273955 251e06 30,500  2,00€e1C 228569  £5.000  6.43EelC 403.567 190363 2000 B.4SE4lL
273664 28111s 36,300  2,28Ee1C 228211 74.25)  5.50EeIC 453,593 190794 1000.0C0  R.&5tell
273205 260951 39.000  2.e4Fs1C 228099 6C.75)  43TE+10 403613 190524 1000.€30  AL44E+1l
271326 250785 43,000 2.56E¢10 227928 51000 3.STE+1D 401 ftd 191328 710,CCO  5lasEell
213031 250695 48.000  3.37EelC 227671 95.49)  7.33Ee10 403880 190154 10C0.0C0  Mueséell
272663 250329 43,000 2.56EelC 227462 100,503 7,77€e1C w03.Tle 18997 165.C30 4EsT)
272696 250162 41.000  2.80€e10 227294 112,392 8.83Ee1C 4p3.7¢1 189685 215,000  1.860F-11
272404 249370 33.0C0 2. 18E+10 22750 120,355 9.5TEslcC 4030707 189408 163,030 L.136e11
272230 249703 320000  2.1lE+10 226833 131.795  1.0Ee1l 403.812 189324 1,000 4i7TIE4I0
272073 249535 30,500  2.00E+1C 226666 1410432 1a15Ee1L 403857 188034 710,030  5.84Es1l
271785 26236 28,500  1.85Ee10 22637t 110.233  B.e2FelC 433.6B) 188866 100,630  8.43E411
271621 269059 28,500  1.B5EsIC 226210 89.125  6.74E<10 403.908 198695 100C,C00  PL43Eel1
271457 248882 21,500  1.35€410 226045 361291  2.26E+10 403,953 18405 1000.000  8,43Fell
271196 248563 16,790 1.03€+10 225757 13,69 8,29E+C9 403,979 189236 1000.000  B.42E+11
211028 248392 340826 2.32E410 225610 5.C25  2084E+09 404005 183088 100,000  B.42Es1l
27cE01 248222 38,626 2.MEeIC 225450 3.696  2.CofeCS 404sCud 187719 1000.000  8,42E411
270570 207924 504405  3.5BE+10 225161 187814 1C00.CCO  .42E¢11
270403 247755 49,224 3.4EE41C 224956 18TL5A 10000000  8.42E+11
270235 247585 48,003 3,38Ee10 224831 186539 17,200  243BE41C
269943 247289 39,424 2.68E¢10 224540 186407 65,000 44 29E+10
265777 247119 380871 2.62€1C 224372 LRSIT7 655,000  3.61Eell
269610 245748 35,895  2.41E¢10 220205 185508 1000.000  B.ilfell
269318 266049 34,708 2,32Fe10 223011 185310 1000,090  F.40E+11
260151 266479 35,095  Z.etxelC 223745 185152 1000400 84405 +1l
268382 266308 37,006 2.49EeIC 223577 184989 1000.0C0  8.40F+ 1)
266842 246009 35,664 2.39E+10 223260 1R4696 10004 C00 40Eetl
268518 205838 270952 1.B2EeIC 223105 186526 4Ee11
260308 12376000 3951207 24587 18,791  L1TEeID 222930 184355 .40+ 11
268025 1260F5C9 305,247 2453170 23,510  1.50E<10 222627 184059 alenEell
267857 1.47E+08 395,273 245201 28,511  l.ReEelC 222434 16200 B.61EsCH 183893 7. 12F+C8
267688 1oeeEscs 395,298 265032 21,850  1.3R€e10 222265 21,800 1.35E+1C 183727 1.88€409
267393 L.61£409 395,341 246735 330057 2.19€e1C 22197C 13.000  7.B)E«qn 183433 LoBeFeco
281224 1.84E~CS 395,309 244564 56,581  4.09¢10 221802  42.00)  2.82E+10 183250 3.795CF
261055 1269F +08 3950305 264390 82,832 4l82€e1C 221834 66,000  4.33Ee1C 182782
266755 241795 6L.230 4. TAEelC 219903 70300 4r23E409 182448
20591 243927 58,273 4.23F410 219737 26,500 1.82E¢10 1821353
26523 243758 55.9C2  Gl03EIC 219648 1C.50)  6,23EeC9 181783
26613¢ 243401 219263 16,600 B, €5EeCS 181812
265964 243291 2191e3 18.70) 1136410 181514
20570 243120 216350 8,503 4.97E+06 181805
265506 242820 218703 30203 1.79E+CS 161176 A 306411
205343 242649 g5 810507 & A1E4TD 180A79 fo30Eell
265177 24275 21827¢  11.0s)  6.83Eeqs 180700 1.93Es 11
264388 Petres 242175 210870 12453 B.CTEecE 180518 778k CB
260705 6u742 2¢230¢ 216708 3.51)  1.98EeCS 180241 TerBEeCE
26us8c 6a667 241337 215408 5,600 3.21€¢09 140074 6a19FC8
Froven o267 21542 216236 282500 1.61E¢10 179855 6.B2FCE
264129 7300 241373 216064 15,400 2034Eel0 179801 .
283952 7,389 261206 215150 191850 1.23Ee1C 179265 1000.0C0
263669 90103 240907 21560C 16,55 1.04ES1C 178971 10004630
203501 10.37¢ 260130 215642 133.00)  1.02€¢11 178901 109€,0C0
261373 1lieRe 240586 21307 2065 1.4BE408 178833 1000.092
263039 130183 260298 212987 3.200  1.80€£409 176339 .
26287¢ 13,809 240099 212796 40100 22326409 178177 1C0C.000
262701 120500 219330 212505 2223 1.2ekecs 178007 1000.030 8. 39F411
262465 13.182 239633 212346 2,751 1.54Eecs 177717 1000,090  8.39€e11
202235 l2.651 230463 212188 10503 8356408 177551 1000, e.39Ee 11
262065 12,544 229292 269603 L6643 3056EeC8 177386 1000.000  8.39E11
61788 11,902 233994 208670 20680 1.16E+09 177398 1000.0C0  B.40Fell
Zel568  13.C°¢ 238325 208517 25.45)  1.56E¢10 17593¢  1000.000  B.40E+1l
261336 130393 218604 208353 216,003 1.70£e1l 176769 1003.000  8.40f91l
261357 132923 23348 200153 1.26E¢10 20612 l4T)  20¢1Es08 176¢84  10C0.000 8. 40E¢ll
260221 1329 238178 190540 1.22E41C 202690 12887 1.CLEaCS 4€5.BCT 176322 1000.030  8,40F4l1
260757 12.807 238208 90.421  T.0ereld 264519 36,606 2.16Ee10 176161 100C.C00 A, &0F 1l
26cal 130285 237713 83.217  6.3BEe10 26c32% 109,001 7,53€e1C 175478 1000.000  Bo40F¢11
260293 13,807 237546 80.075  6.1CE<10 200163 1750000  1.29Ee11 175718 10C0.€00  But1F+il
260126 15004% 237379 75,128 5.66£410 200002 294200 1.19Es10 175553 10001009
256830 17773 237087 63.808  ©.6BE¢10 195717 £1.00)  2.59E+1C 175270 100%.090
289582 19.693  1.22Ee10 3960520 236921 62,478  4.STE+lD 4220260 199351  €5.G07  5,72Ee1C 405,990 1751C% 1000.3€0  A.4IE+ll
393.078 256484 21,226 1.I2E+10 3360553 236755 63,668 4.0BFelC

31 meter - 0,304 feet




APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR

RAM C-I, PROBE 6

ELECTACH ELECTAON ELECTRCH ELECTRCN

ELAPSED ALTITUOE, CURRENT, DENSITY, ELAPSED ALT(TUDE, CURRENT, ODENSITY, ELAPSFD ALTITUDE, CURRENT, OENSITY, ELAPSED ALTITUNE, CURRENT, DENSITY,
TIFE, FEET  WICROANPS ELECTRCAS THeE, FEET  MICROANBS ELECTRONS TIrE, FEET  HMICROAMPS ELECTAONS TIkE,.  FEET  WICROAMPS ELECTRCNS
SECCNDS PER CuBIC SECONDS PER CUFIC SECCADS PER CUEIC SECONDS ¢ PER CuBIC

w CENTIMETER) R CENTINETER] n CERTIFETE v CENTIMETE
389,653 281813 4.03EeCa 393,183 259012 26,465  l.62EelC 396,653 234109 1.69€¢09 402438 196306 1000.020  B.12E411
389,679 3.62E4c8 393,179 258m4d 1a41Eale 235018 193138 1000,000  £.11€+11
189,705 3.22E0C8 393,224 z58553 14126210 233852 1976845 1000.090  B.11Ee1l
339,750 393250 258389 L0310 235512 197677 1000.030  A.10€¢1l
389,775 393,275 258250 8.58E409 235223 197508 1009.000 M. lQE¢]l
189,001 393,320 25798 7.74€409 233082 197214 1000.000  8.C9E+11
389,845 393.346 257795 T.23EsC9 234854 197046 245,000  1.T6Es1]
399,871 257628 1aC3E¢10 234604 196870 189,000  1.33E+11
339,896 237331 1.856s10 234838 196581 128,000  B.64Ee10
389,941 257171 .98E+10 234269 196409 122,630 9.38E¢10
389,967 251005 233977 196212 129,000  8.04EelC
389,992 258713 23381 195913 142,590 9.71Eele
390.037 258540 233c 04 195745 138.3C0  9.37E+10
390,063 256376 233350 195577 620,000  %.83E41%
yi0.c08 256080 233181 195282 100C.000  8.056s11
330.134 255911 233011 195117 1000.000  8.05€+1]
390.160 255141 232718 194944  1000.030  R.OSE+]]
130,186 285445 232547 194649 1000,030  R.C3Ee1l
390,231 255218 232318 194481 17004090  8.04Es11
393,256 255082 232073 194314 1000.G€0  8.04Ei11
390,262 254787 2319¢8 194022 1000,030  A.04E+11
390,328 254615 2106410 231742 193856 1000.000  8.04E+11
330,352 254451 2.11E410 231450 193691 13€0,600  R.0IEeIL
330,378 254156 2.15E¢1C 231201 193402 1000.000  8.C3E+11
390,423 253987 2.20E¢10 231112 1931236 1003.000  A.03E+11
390, 449 253218 L17E+ 23c815 193019 1000.000  B.0YE+11
330,674 2531525 2.196¢10 230644 192806 1000.000  R.O3Ee11
3534519 253358 Z.14Ee10 230474 192662 100,030  8.€7E¢0)
390, 544 253192 2.14E410 230116 192677 1000.000  B.03E¢11
323,569 252902 2196010 397,530 230007 192189 1000,020  8,03E+11
30,613 252737 2.176410 192023 1007,030 803411
330,639 252572 2.18E01¢C 191858 1000,000  8.0ZE+11
9L ee5 252288 191558 1000.00)  8.C2€+11
390.710 252128 191401 1000.000  A.02E¢11
330,736 251960 191235 1000.000  8.02E+11
0,762 251113 190941  1002.000  A.02¢+11
190, ACT 251548 190772 1000.090  B.C2€+11
130,612 251384 190601 1900.000  8.026¢11
3304657 251095 199306 1000.030  8.02F¢1)
190,5¢1 250930 190138 1000.C00  B.02f+11
190.927 250764 189966 1000.000  8.02F+11
193,953 250474 t8964n  1000.000  R.02E+11
399,958 250308 169675 1000.030  A.CIE+1)
131,024 250141 169337 1000,020  A,C2E+11
391,050 249849 183013 1000.000  A.CZE+11
331,095 249682 188845 1000,000  B.02Fs11
3910121 249515 18R57T  1000.090  8.02E+11
361,148 249214 1R8364  1000.900  8.02€11
181191 249037 181215  1003,0C0  A.0ZE411
.y 2608690 188047 1000,000  8.C2E+11
331,242 248502 191759 1000,000  B.CZEe11
31,207 248371 187595  1000.030  R.02f+11
1310312 zen200 187438 10C0,000  A,02E+11
391,139 241303 186518 1000.000  8.02E411
391,384 247736 185379 710.000  5.57Fe1}
331,410 267505 186215 430,080 13,2511
331,438 47208 183925 43.000  2.6TEs1D
191,481 247097 49,224 1.25€¢10 (85755 10C0,000  M.02€011
391,507 248027 48,313 3,03Fe1C 183588 1007.600  A.0ZE+1l
331,532 246628 44.101  2,B7E+10 185296 1000000  8.02€+11
181,517 245457 «S.hal  2,97Ee10 185132 10004000  B.02Fs11
391,603 266286 ©8.00)  3.18E+10 184967 1000.030  A.0ZE41)
191.¢28 265988 & 00F e 10 184675 1000,000  8.07E411
391,673 245817 118610 184536  1000.000  R.O2E+11
351669 245646 l.saEelo 1AG334 1000,000  B.CZEell
1312728 245349 2.03E91C 184019 103,000  B,02€41]
391,770 265180 1.83E010 181872 385.000  2.RaEe1l
331279 245011 1.15Ee10 183708 41007 2.54E¢10
331,821 242714 2.04E0 10 183602 22,530 l.3étslc
331866 244503 “,89Fe10 183228 2,230 1.22Fe00
331,892 244172 5.C9€1C [LEELY 3,120 l.7eEeca
331,918 240075 5.226010 182762 12520 B.&atoCh
131,983 2.31E09 243306 4lTeE 1l 162596 485.03C
191,989 20528009 243117 Se4Ee1C 182427 13¢a.nC0
1iz.cls 2.23E409 243400 346601 182132 5R0.090
122,050 3.alEeco 243209 3.10€+1C 1819¢1  10co.cce
1922208 3.62F 409 243099 2.£5601C 181791 1700.u00
V2 “u51EC9 242799 2166010 181493 1000, 020
132,158 5.58E000 242620 4586410 18132+ 100,000
392,182 G011F0Ce 262453 1.TLES10 181155 1007.c00
392,208 6.18E+09 262150 «,00E¢10 190758 1300.030
332,253 4e50E409 241385 4D5E01C 1f0ea7 500,000
392,219 4uSTESD9 261416 2.93E¢10 LROSLY  "«8.000
392.3C4 “.82E0CO 241521 5.216010 180221 210080
332,349 4034E0CO 201352 180053 «3.000
312,378 5.18EeC9 241102 1798T% 610500
392401 5433409 240986 1.02E¢11 179507 La10
392,440 5.99€+09 240715 3156409 179244 100,097
112,472 s.58E909 260544 4.8LE4Q9 178949 1000,030
132,458 Te68E+09 240247 17a780  1100.000
392,563 B.53E400 247078 178612 1000.0C0
3924569 [ 239309 178318 395,000  2.97€s11
132,555 8.37E¢09 239612 178152 1000.000  B,03E+1t
132,840 8.306409 239641 177985 100,090  R.03Eell
332.k66 B 14EeDS 239271 «90. 208650 17789 1002.000  8.03Fe1}
392,652 7.99E+C8 23973 430.880 208492 177531 1000.000  8.03Es11
392,728 7.92E4¢9 238904 430,904 208334 177366 1000.090  ALO3F+11
320766 8. 39405 210623 1.22€¢10 €31.245  20b0RQ 177077 10C0.000  R.03E+11
322,790 B ILESCO 238328 1.04E+1C 401,459 204569 176913 1000.000  B.O3Fell
332.m35 See5E009 239156 1.17Ee10 401,485 204498 176744 10634630  8.03E<11
392,861 U 1IEeCy 237987 6.90F+10 200303 176464 1000.000  B.CIEs11
3320807 54386409 237852 200143 176302 1002.030  B.O3E+11
392,932 9aC5E09 237525 199482 176141 1000.000  B.C3E+11
392.958 Su66E0CT 23735 402,217 1998%6 173858 1060.000  £.03Ee11
392,584 1eClEel0 231068 4320243 199511 12C.00)  A.CoE+lD 115695 12c2,090 Cytetl
3330629 1.25E010 236900 . 19939C 23,200 L.37E+lC 175533 1300.000  P.C3gell
331,055 1a83E010 236734 402,315 199098 102,097  &.74E+10 40$.576 175250 10€0.000  A.03Es11
393,081 1e56E<10 236843 3.34E010 412,412 198489  820.C00  6.5TEsll
3930127 255180 25.883  la3@Eelc 3960827 236276 83.589  5.92E410

81 meter = 0.3040 faet
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APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-I, PROBE 7

ELECTRCN ELECTRON ELECTRCN ELECTRON
ELAPSED ALTITUOE, CURRENT, DENSITY, ELAPSED ALTITUDE, CURRENT, DENSITY, ELAPSED ALTITUDE, CURRENT, DENSITY, ELAPSED ALTITUDE, CURRENT, DENSITY,
TIXE, FEET  NICROAMPS ELECTRONS TINE, FEET  HICROAMPS ELECTRCNS IME, FEET  PICRCAMPS ELECTACAS TIME, FEET  MICROAMPS ELECTRONS
SECCNOS () PER CUBIC SECONDS (s) PER CUBIC SECCNDS ) PER CURIC SECCADS ) PER CUBIC
CENTIMETER * CENTIMETER . CENTIMETER] * CENTIMETER
339,656 281192 3.23€ecE 393156 258991 33.0%7  1.99E¢1C 396,656 216089 44500 2426409 402,467 198117 1000.000  7.82Es11
389,682 281624 3a25EeCH 393,162 258827 3Z.621 1.97E«10 398,702 235796 2,923 1a56E«09 197826 10€0,020 To81lEs11
261456 3.25E0C8 393,227 258537 23,338 1.3sEel0 396727 233632 3,101 1.65£e00 197656 1000.000  7.A1Se11
281192 2.39E¢ (R 393,253 258391 22.01 1.28E¢10 196.7¢8 235202 4B 24456409 197487 1000.0C0 TeBlEel]
281030 3.556¢08 258229 1.05F¢10 3964824 235a3¢ AR l.63E¢09 197193 1000.020 TeBIEs]1
28¢C987 3, 10E+CH 257940 1.06E+10 396,850 234873 59,678 3.81E+10 197025 1000.000 TaBlE¢11
280581 4. 3BEeCE 251774 1.08E+10 3655, 89% 234583 ©8. 708 4o 45Ee10 196858  1000.000 74BIEe]1
28041¢ 4o 36ECE 257807 1441E¢10 316,920 234415 S6.5E1 3,59E«10 196560 1000.0C0 7480E11
200251 4e56Es (R 257310 Le5Eel0 196,546 234248 5C.018  .13Esle 196388 1000.000  T.80E+ 11
279961 4.51E4C0 257150 2126010 356,991 23395¢  68.7C6  4.43Ee10 196190 1000.000  7.80E«11
279795 4o 36EeCE 256984 2e26E<lC 3971.017 233789 85,127 Seb4Ee1Q 195892  1000.030 T B0E+11
279829 4a26E¢C8 256692 2.22E¢10 367.C43 233823 95.453 baslEslO 19§72« 1000,000 T480€+11
279337 &o31EeCB 256523 233328 111.308 TaoDEcl0 195556  1000.000 T.80Fs])
2191 7¢ 4carEece 256355 233160 115,988  7.89E+lC 195261 1030.000  7.80€+11
279002 4u51E¢(B 256059 23299¢C “8,822 3.0%E+10 195092 1000.000 Ta80Ee2]
27TENQT 4eb1E¢CA 255899 232695 1.465 T 79E+CB 194323 1000.000 T.80F¢1)
270535 4o B1EeCE 255720 232526 1,189 6.326eC8 194629 160C,000  7,80E+11
278363 4a96ESCB 25524 232357 585 Se25EeCA 194460 1000,090 T.B0Eell
218067 5.16E0C8 255255 . 232052 194293 1000.000 74 79E+11
277887 5.26E+C8 2545001 2.06€010 231887 194001 1000.000  7.79Ee1]
27172C S.4lEeCE 254766 242CEI0 231722 193836  1000.030 TeTIE+1L
277424 SeT1E¢CE 254598 37.9a7 2433E210 231429 193671 1000.000 Te79Ee 11
272254 5e98EeCA 256430 39,426 2443410 231260 193350 1000.000  7.79+11
271€8) o.CoEeCE 393.5C1 256135 39,620 2.45Fs10 231001 193215 1000.000 74 79E+11
276786 balbEr(d 353,928 2539606 4h 009 2. 62E+]0 230794 19304%  1000.000 TaT9Ee1]
276617 batbEeCS 193,954 253797 «1,081 2454€4]10 230622 192788 430,020 3.16Ev11
276448 behbEe(® 393,569 253504 41.081 2a54E+10 230452 192621 %37.000 3eleEe)l
276155 GebLESCA 394,025 253338 454441 2.P5E410 230155 192457 4304000 3.16Ee1)
27899¢C 6. 36E4CB 394,051 2531112 464742 2+94E¢10 225986 192163 1007000 TeROs11
275824 BeJSESCE 394,055 252882 47,587 3,0CE+10 229817 192003 1002.000 TeB0Ee1]
27553¢C 6o LSE+CS 394,121 2527T1a 4B.415 3.06Eel0 229520 191837  1000.030 T.80E+1]
275380 by #SEe( 8 194, )47 252551 47,187 2.97F+1€C 337,689 229345 191547  1000,000 T.80Se]]
27518% GakSESCR 394,191 252289 37,313 2.28E+10 337,715 229179 191380  1000.GJ0 TaA0E+11
27<8%C Ta30Ee(8 394,215 252109 33,993 2.06F¢10 397,781 228867 191214 1000,000 T.80€+11
276719 TeeOF+CH 334,240 251950 32,913 1.99E41C 228697 190920 1000.000 T.T79F¢])
214538 8.80E+C 394,284 251892 35,920  2.18F¢10 228527 190751 1003.000  7.79E+1l
274243 1a20€9C9 394,310 251528 “2,000 2. 60E¢10 220228 190582 1000.C00 TeTOF+11
274078 1.38E909 39403% 251381 43,000 2.67F¢10 228057 190285 1300.090  7.79Ee11
273912 1. 56E+09 394,380 251075 54,530 3.49E¢10 22786 190415  10C0.000 T, T9E+]1
273622 1.43E209 I04a4Co 250909 60,020 2.90F+1C 227589 189945 1000.000 TeT9E+ 11
273453 1. 32E409 394,432 250744 64,000 4.19F+10 227420 189623  1000.000 Te79E+ 1t
213284 1.23E4C9 394,475 250451 65,030  4.27EelC 221282 189434 100,000  T.79F¢11
27289 LleClEe09 394,502 250287 60,000 1. 90F+10 226958 189286 100,000 T.79€e11
272821 1. 14E+0D9 394,529 250120 59,000 3.75€+10 398.078 226791 188992 1000.CCO Ta79E 1L
272654 1.14€405 3945872 249R28 49,500  2.13Ee10 398,104 226624 188624 1000.000  Y.79€e1)
272362 loslEe09 394,598 249661 65,000  2.81E<10 338,149 226313 135,583  9.33E+10 188657 10CC.000 7479411
272197 le82E+CS 394, £24 249464 39.030 2439€E41C 399,175 226163 79,605 e 16E+1C 1883¢3  1000.000 T T+ 1L
272632 2.CIECCS 306,67 249192 19,000 2.19Ee10 3984201 226104 90e4C5 3,12E%10 188194 1000.0%0 T.T9E¢11
271744 2.22E409 394,69 249015 35.950 2.18F*IC 398,246 225715 11,578 be&TE+0G 188026 1000.0C0 TaT8E 1}
271580 2.47EeCS 394,723 248838 304500 leB3E€NO 338.271 225575 124381 6.91E+09 187739 10COLC00 TeTIEw11
271416 2.4TEeCS 394,770 248520 36,550 2.09E*10 398,297 225406 Be 351 4o 57E405 187574 1000,000 TaT9E+11
271182 2,38Fec 394,795 248350 50,016 3.16E+10 398,362 225119 93,217 6.l2€el0 187418 1000.000  7.T9Ee1}
27C98¢ 2.22E409 394,821 248179 664811 4a \GE€10 398.3060 22495¢ 102.312 6. TIE+10 186498  1000.000 Ta79Ee]1
27c82¢ 24 32F+09 394, Ab6 247082 12,226 4aT9E+10 398419¢ 224789 107,138 Tal4E+10 186359 680,000 Sa1TE+11
210520 2.126409 394,807 267710 89,091 4 SEE+1C 338439 224498 118,551  B8.C3Eel0 186195 175,000  1.19E+1)
27C381 2.208E9Q6 394,910 247564 67,187 4e&lEe)O 3984tk 22«330 131.79% P.00E¢10 185904 614500 3.85E+)C
27¢192 2e44EsCS Id4a S0 287247 40,372 3,91E+10 198,490 224163 la3,582 9.90E+1C 185735  1000,030 Ta79F 411
2699¢C1 2.TOE+09 334,50 247078 57,806 . TLE 10 3984535 223870 157,852 1.10E«1Y 185567 1000.030 T.T9E411
269735 395,016 246905  57.264  3.63E¢10 338561 223703 1.12E011 185275 1000.000  7.79F+11
26956 ¢ 395,060 2456006 564241 1.81E010 338.5€7 221536 9.22€409 185111 1000.000 Te79Es]1
28927¢ 395,085 246436 55.225 3.53E410 398,622 223238 SelQF+10 186947 1D00.0CO T479F+11
269109 395.111 2682065 58,922 3.b0E+10 398,659 223081 4eBBEIC 184654 10C0,000 T4ROE+11
268941 395,157 2465960 584581 3ab3E*10 398, 688 222886 1844683 1000.000 1.80€411
26646 3.36€005 395,182 245796 19,239 1.11E410 398,731 222585 186313 1002,000  7.80F+1]
26847¢ 3.539E+C9 195,208 245625 324323 1.94E*10 338757 222391 184018 100,029 ROE
288305 3064600 395,251 245320 344291  2.C76+10 398,783 222223 «&9EvL]
267983 4“2 C2E+CS 245159 344421 2408E+10 )98, €27 221328 2. 81E%11
267815 244990 4081 2.53E¢10 338.6% 2217eC 5.12F«10
26764¢ 395,350 246892  46y552 2. TT€4[0 198,879 221592 1.836410
27351 395.37% 244522 80,085 5.42E+10 399.145 2198862 2 0BE+10
267181 395.401 244351 83,217 5.6CE«10 399,171 219697 1.00Cs]10
2¢7012 395, 4ks 244056 ASubu] SeTAESLC 139,216 216408
266117 195,472 24398% 83.217 5. 59F+1C 139,241 219242
266545 395,498 243716 71.828  «.TeEel0 399,267 2191c] 182111 1000.0¢0
266181 395,543 243519 57,606 3.70€+10 399,311 21882¢C 181940 £ 0CO
266CRS 335.568 243249 56,922 J.e5F«10 399,335 218684 18176%  1000.090
26992) 395,554 243077 51918 3.29€410 339.3¢eC 21853 181472  1300.0C0
265758 135,842 242777 38,313 2a34ES IO 399.473 2182z2% 181303 1309.0%0
2654617 395.6¢4 242604 55.5¢3 Y.55F+10 33%.617 216833 181134 10¢0.020 TaPRE211
265301 19%. 652 2424632 64,593 4.20E410 3994643 2)6bbn 1810837  1000.00C eBZENT1
265135 395,137 242131 “9.622 Ja12Es10 399,609 218385 1BOb6S 375,0€0 2e74Es)1
266872 395,763 241306 6l.422  3.97E41C 399,715 218193 180495 655,000 BE+11
264TCT 335,789 2417195 38,671 2.37E¢10 369,761 216021 180200 1&7,09¢C 9.96E10
264543 395. A7 241520 93.959 62390410 399,785 2157119 18¢03) 37. . 10
26425¢ 395, 859 2138 84,138 S.0hE4IC 155,809 215561 179853 ©5.000 “s11Fs10
26408T 3195, 85 241162 TL.037 e 6TEFLIO 399,833 215402 179559 35,900 2.19E+10
26392¢ 395,936 240866 26,871  3.09E10 420.183 213095 179300 21,560  1.27Fele
263627 395,955 26069 73,027  4.81EelD 430.2C8 212924 179223 10C0,030  7.82E+11
263459 395.981 249521 66,811 4.35F+10 430,224 2127152 178928 .
263251 396,026 242226 10,645  4.63EelC 400,278 212465 178759 1300,000
26299¢ 396,052 240057 71.828 4, T2Ee10 400.302 212307 178591 1000.000
202628 396,C78 239860 TT.311  S.12Ee10 430,326 212148 178297 loce.aco
262658 3964123 219591 Bhy 524 SabGE+1IN 40C. 859 208621 178131 10C0.0C0
262362 376,148 239420 33,991 24056410 ©30.883 208472 177965 1000,000  T.®3fs1]
262193 398,174 239249 37,634 2.29E¢10 430,907 2¢BI4 177675 1000,000 TaB3E+1]
282022 I9e. 219 238952 27,060 1,80F+1D €)1.249 206055 177510 1000.000 TeB3Er1 )
261722 1064245 238783 24,017 l.41E¢10 431437 2048128 177345 10C0.0CO ToBIEe1L
261525 29€.771 238502 18,940 l.09E+10 L]l 462 204648 177051 1000.
261353 396,316 236305 18,060  1.04E¢10 431,488 204677 176893 10004007
261654 396,341 238135 23,850 1.40E+10 432126 200285 176728 1000.000
260984 396. 367 237966 432.151 20€123 10304007 176444 1000.000
260715 39e.412 237871 402,176 199962 1000.007 176282 1000.000
260419 «19E+10 23750« 4)2.221 196676 1C00.0602 176121 1000.030 -
260251 Le27Es 0 I9bahbh 237137 402.246 199510 1C€20.00) 175837  1000.090 TaB&Fs11
260082 1.39Ee1C 396, 509 237065 402,272 199369 820,003 175875 100,000 TeBLFr])
25978F 1.76E+10 3960436 230879 4924318 199077 710003 175513 1000,090  7.8€+11
259620 14S5E41C 396, 560 2386712 2 168448  1020,00) «05.979 1715230 10€2.000 T ESE+11
259651 1.5TE« 10 396.6CS 236422 196283 1C0C.COd T.82E¢11
192,130 259159 le.S8E¢]IC 364630 2362%% 94,718 B43TE0 O
31 mter - 0,3043 feet



APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-I, PROBE 8

ELECTAON ELECTRON ELECTRCH ELECTRCH
ELAPSED ALTITUDE, CURRENT, DENSITY, ELAPSED ALTITUDE, CURRENT, DEWSITY, ELAPSED ALTITUDE, CURRENT, OEASITY, ELAPSED ALTITUDE. CURRENT, OENSITY,
TIPE, FEET  MICAOAKPS ELECTACKS TIFE, FEET  MICROANRS ELFCTAONS VIKE, FEET  WICAOAMPS ELECTRCNS tire, FEET  MICADAMPS ELECTAONS
SECCADS PR cuBlc SECONDS PER CUBIC SECONDS rER SECONDS PER CUBTC
a CENTIRETER] ta CENTIMETER @ CENTINETEN (a) CENTIMETEN
309,859 2801771 %92 2445E4C8 393,185 258802  33.993  2.0ME*10 396,660 236068 15,430 8,39E4CH AD2.470 198995 100N.000  T.3AE¢1l
339,736 281172 «470  2.3%EscCE 393,231 258512 304213 1 77Eel0 2357717 6o C4ESO9 4D2.51% 197203 1uuu.030  7.58€+11
281010 «6T)  3,34EeCB 393255 238373 26,662  1,54E+10 235811 4e38E0CY 402.341 197633 1000,000  7.58E411
280847 803 Y 99EeCs 393,282 238209  21.380  l.21E+10 235182 54 60E+09 402.587 197488 1000.030 33
280360 2913 4 34EeCR 393,327 287919 24,394 1.40Eel0 235017 2.28E 197172 1000.000  7.58
200393 #92)  4e89E+C 393.353 257751 23.510  1.3SEel0 234852 S,14E¢10 197004  10£0.000  7.58E0 L1
28023¢ ©943  4cb8E+CA 293,379 237586 33.340  1.96E010 23s5€2 5.03E¢10 196836 10004030  T.3REell
279940 4923 4.5BEecS 393,426 257295 40,228 2.42F+10 2343958 4.38E010 196538 1300,000  7,58E<11
275714 ©85]  4,28€+08 3930449 257130 41,926 2.50E+10 238227 3.79E010 194380 1000.030  7.58Es11
279608 267 4.zBEeCH 393.475 258964  47.587  2.92Eel0 233932 5.20E010 198169 3 +38ESLL
279316 *903  4,48E408 393,520 256471 4beTa2  2,85E¢10 233769 6455E¢10 195871 1000,000  7.58E¢11
279149 «903  4.48EeC 393,546 256502 444101  2.68E+10 233602 643TEs 10 195703 10004000  7.58E+11
278982 2923 AJS8EeCH 393,872 256334 39,424 2.38E+10 233300 8.15E410 195535 1000.¢ 7.58E¢11
27¢s88 1.001  4.98E+08 393,617 256038 37.634  2,24E¢10 233139 9423E¢10 195240 1000.000  7.58E+11
278814 1.€2)  5.CTE0C8 393.643 255868 3.983  2,07E¢10 232989 “10 195071 1000.000
278342 14123 3.57eecH 393,669 255598 34,380  2.04E+10 232674 8.38E4CH 194902 . 0C0
278046 1,223 393,716 283402 34.421  2.04Ee)0 232408 5.30E+Ca 194607 1000030
277386 1.263 393,739 255234 34,194  2.08Ee10 232318 8.33E0CH 194639 1000,030
277699 1.303 393,763 253040 38.8TL  Z.3LEeL0 232032 44 9FE0CE 194272 1000.030
217403 14343 393,810 254745 48.415  2,3BE¢10 231886 B.4TERCS 193960 15(0.000
217232 1,383 393,835 254577 52,647  3.27E+10 231701 4a99E0CE 193815 10C0.C00
217082 12432 393,881 284409 43,215 1,31E+10 231408 4.59E010 193650 10004000
276785 1580 393.906 254114 83,214  3.31€elo 231239 4e89E010 193360 1000.630
276556 14393 193,632 253945 54,217 3.)8E<I0 23107¢C 4289E+10 193194  1000,000  7.5R€e 11
276827 1680 393,938 253776 53,215  J.I1E+10 230712 4 E3€01C 193026 1000,000  T.58Ee11
276135 1,753 394,C03 253483 83,882  1.33E¢10 230602 5.24E010 192765 . «SBES1L
275985 1.750 394,028 253317 86,281 3.526410 230431 5.24E410 192601 1000.030 T.
273804 14003 394,056 253151  55.902  3.49E410 230134 6.06E+ 10 192436 10€0.030  7.5AEe1]
275509 1.773 394.C99 252881  58.293  3.6bE+10 229983 6.81Ee1C 192147 10€0.030  7.58E+11
215138 1.792 394,124 252696 38,922 3.56Ee10 229196 6o BOE10 191962 1000.030  7.5RE+11
278107 1,203 394,150 252531 36,922 2.86Ee1C 229499 113,003 T.34E¢10 191816  1000,000
274066 2.20) 394,19¢  25224A  30.016  3.0BEel0 229328 1164503 X 191526 1000090
214698 2.120 394,219 252089 44l10L  2.68E+10 229187 113,000 191360  1060,030
274515 123 394,243 231930 35,104 2.08E¢I0 228846 113,003  7.3aEeld 191193 1000.037
234222 3e€23 394,208 251072 #5,000 2, 74E410 228076 T.19E410 190899 10004090
214057 “2403 394,313 251507 33.000  3.ZREel0 228505 SJTRE+10 190730 10€0.0C0
273893 40403 3940339 2513e3 37,000  2.36E+10 228206 8. CSE€10 193561 100,000
273801 40293 394,385 23105 63,000  4,12€¢10 220033 5.64E¢10 190264 1060000
273432 2811 354,400 250889  59.000  4.41E¢10 227864 SeTTE4IO 190094  1800.000
273263 3548 394,435 250723 T1.000  4.55E¢10 227508 T.elEe10 189923 1000.030
2129680 3817 394,480 250433 Ta.200 4. TAEe10 227199 8,306+ 1C 189502 1000, 000
21280¢ Jes61 1940505 250266  69.0C0  4.40E+10 227231 s01Ee11 189433 1300.090
272033 1o 744 3940431 250100 86,000  +.19EelQ 226937 189265 10C0.000 1
272342 %.228 394,576 249807 56.000  3.4RESIC 226770 188971 100,000  7.40Es11
272176 5.C26 394,601 249640 51,000  3.27Fe]0 226603 18980 10€9.000
212011 5,994 3940627 249473 484000 2.93E<10 226313 1RBe36  1009.000
271723 64313 394,673 249170 49.500  3.03E+10 22¢148 168342 1000,000
271555 6.594 394,700 248993 45.000  Z.T3E<1Q 225984 188173 1000.000
271345 6aT82 1940727  2448l6  33.600  1.STE+10 225095 188005 1000, 000
271131 6.247 394,773 248499 48.415  2,9%E+10 225554 187718 1000.030
27¢968 ba2e7 394,793 2483ZR  53.5¢8  1.30F10 225188 187554 1000,000
27¢199 5¢99%  2,58E009 394,825 248158 87,943 4. 31E+10 223095 187398 1004000
270507 52381 3.18E0C9 394,P70 247861 Bl.215  5.23E+10 224938 . 186502 .
270340 5536 2.TeEeCS 394,895 247692 T8.678  5.0TE<10 224769 117.606 186338 1300,000
270172 12224 &.386+09 394,921 247523 75,128 4 B1E410 224477 137.564 186174 1000.000
209881 T.214 3.62E409 394,566 267225 69,884 4.43ES1D 185881 1000, 000
269714 7,947 4,02E+409 394,992 267055 66,811  4.22€¢10 1.0TEs11 185714 1000.000
269547 9117 4,65E+08 195,018 246884 64.230  4.04E410 #27E011 185545 1000,000
269255 94005 4.3E¢09 195,063 245585 63,542  3.95Ee10 1.38E41) 125255 13004000  7,626+11
z65ca8 80455 £o29€0C9 395.6A0  2a64ls 65,326  4.l1€+10 9. ¢2E09 185090 1000.,000  7.62E+11
268020 8,892 4.53E009 195,115 248244 68,437 419400 £.84E+10 104926 1000.C00  7.82E+11
268024 9813 5,04Ee09 375,160 245945 66,437 4. 19E+10 2.79€¢10 184632 1300.000  7.62€+11
268454 104485  5,41E+09 395,186 243774 28,511  1.65€¢10 T.08E+10 104482 1000,000  7.62Ee11
268284 104815 5.59E409 395,212 245607 32,473 1.9CE+10 L45Ee 4D 184291 1000.,009  T.62E<11
267962 11,686 6,LTE409 395.257 245308 37.834  2.23E+10 9.24E+CE 183997 1000.000  7.63€e¢11
26779 12,007  €.26E+09 195,282 245137 aB.615  2.95E+10 3.52Ee10 183831 1000,0C0  T.e3Esll
267625 11.794  8.)4E+09 395,378 244369 49,622  3.03E¢10 3.C1Ee00 183666  1300.C00  T.63Es11
267330 11,034 5, 12E+09 3950353 2easTl  73.027 4 63Eel0 183369 1000.000  7.63Es11
267160 11.381  5.%0E+09 375,379 2445300 89,764 8,B4Ee10 183186 270,000  1,8%F+1]
266991 10815 5.60€409 395.435  Ze4330 95493 6.26641C 1A3015  6A0.020  S.0REell
766696 10,153 8.24E400 395,450 244031 96,288  6.31Eel0 162720 820,000  4,80F¢11
266528 10.595  5.48E409 395,475 ze3god  91.094  5.93Ee1D 182553 1700.000  7.84tell
256360 1l.469  5.57E¢CH 395,501 263895 83,217 5.36F0 10 182345 1900,000 Tebafall
268068 120881 6. TTE09 395,866 243397 65.445 4 13€s10 182089 1007.000  7.6&Fell
268902 1l.ase TL11EeQ9 385,577 243227 6T.568  4.23€410 181919 1900.030  T.ec€el)
268737 17.916 9, 70EeCO 395,598 243056 58,523 3.66Esl0 1B176R 1900.000  7,€4E411
265447 194693 1.CBE+10 395,663 242755 $3.005  1.25€+1C iBle51 1003000  7.65Ee11
265260 21sCT3  1.16E+10 395,669 262583 64,959 4 0TEs10 181282 1005.000  J.e8Ee11
265014 18.923  (.03E¢10 295,655 242410 T3.430  Aab6Ee10 4oBTEeC 181113 10€0,000  7,6%€+11
2e4051 150823 E,5E+C0 395.7¢1 242112 71.828  4.85E410 < T0E+CO 180615 1000.000  7.65E¢1L
264681 15.04%  8,C9E+09 395,766 261943 59,675  3.70E<10 2.19E+10 180645 1000.000  7.88fe11
284523 15.044  B8,COEe09 395,792 24177 3e,127  2.0CEel0 5084410 180474 1003.000  7.45E+1l
264223 130693 7.32E+09 395.837 241478 1000533 6.39E<10 4s10E¢10 180179 1300.000  7.e6f¢ll
264C68 144517 8,04E+09 195,862 241309 92,492 &.01Eej0 1.82601C 183012 1000,030  TossEell
263896 164552  9.08Ee09 395,888 241141 78,678 5.07€+10 BE+10 179832 820.090  6.21F+11
263808 15,233 1,QsF+10 395,933 240043 84,624  5,44E410 9.06E¢ 10 179538 620,030  4,e2E411
263438 20,922 1.18E+10 195.959 240672 81,985  5.23Ee10C 1.35E010 179370 430.000  3.13€411
263270 25.502  l.4AEelC 395,585 240502 77.317  4,92410 1.C5E0 10 179202 100,090 7.86Fe11
262975 294588 1.70E¢l10 396,030 240205  8l.381  5.22E+10 1.106+10 178907 1000000  7.66f411
762607 30609 1.17E+10 396,088 260036  82.1e5  5,27E+10 9450E4CT 176738 1000.000  T.67€¢11
202038 28,696 1.a5E+10 396.CB1 239857 89,764  5.80E+10 .82€0C8 178569 1000,000  7.47€ell
262341 27762 1.59E+10 96,126 239569 99.824  6.5CEC10 2.63€400 178277 1300.000  Y,67Es11
262171 280662  1.52Es1C 396,152 239399 64,230  4,00Ee10 1. 76E+11 176110 1000,000  7.57€e11
262001 25,127 1.43Es10 396,178 239228 37.3M3  2.20E+10 14876011 177964 1000.000  7Tu67E+ll
2617C1 22,829 1,25€¢10 3964223 238931 294056  1.68E+10 8.26E+10 177655 10004090  7.6AE+11
261504 244576 1.40E41C 196,248 238762 304443 1.T7E+10 “ISEeCE 177489 10€0.000  T.6aE+1l
261332 25,127 1.43E+10 396,274 238581 25,127  1.44E¢10 2.60E409 177326 10€0,030  T.68Ee1l
261032 264C76  1450E¢ L0 396,319 238284 21.380  l.21E¢10 2.52E+13 177036 1000.000  T.,emcell
260801 28.69%  1,66E410 3960343 236114 204208 1.15€+10 T.58E011 179872 1000.000  7.686+11
26C694 264485  1.52E¢10 395,371 237944 114,414  7.57E+10 200103 1000,00)  T.38€e11 175708 10004000  7.89E+11
26039€ 280694  1.50E+LC 39€.416 237650 110,238 T,24E+10 199942 1003 7.58Ee11 176423 1000,030  7.69Ee11
200229 30,937  1.81E+10 3960441 237483 106a137  6.94E¢10 199658 1000,000  7.58Ee1l 176262 10004000  7,69F+11
260081 32,173 1.8RME+1C 396,467 237316 97.096  6.29E41C 199489 1000.000  7.58€+1) 176100 10004000  7.89¢s11
259767 344553 2.04Ee10 396,312 237025 85,847  5.47Ee)C 199348 820,000  6.14E+1l 175817 1000,€00  7.70€+¢11
239599 35,415 2,09Ee10 396,537 236858 Ah.184  5.51E¢10 402,321 195056 620,003  6al4Eell 175655  1000.000  7.70Ee11
256432 35.649  2.11E410 396.363 236693 91,785  5.90Ee10 402,419 198628 1CN0,003  T.58E+11 175433 1000,000  7.70F+11
255130 35.19%  2.08Ee10 396,608 238601 1004533  €.52E+10 402,444 198202 1001 405,683 175210 1000,000  T.TCFel)
393139 Z5HSTC 34T 2,02Ee10 396,636 236236 1104238 T.2ZE<10

81 moter = 0,304 feet



APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-II, PROBE 1

ELECTRCN €LECTRON ELECTRON ELECTRCN
€LAFSEC ALTITUCE. CURRENT, OENSITY, ELAPSED ALTITUDE, CURRENT, DENSITY, ELAPSED ALTITUDE, CURRENT, DERSITY, FLAPSED ALTITUDE, CURRENT, DENSTTY,
TIFE, FEET  NICROAWPS ELECTRCMS Tive, F NICROANPS  ELECTRCNS TIFE, F WICROAMPS  ELECTRONS TIvE, FEET  MICROAMPS ELECTRCNS
SECONDS N PER CUBIC SECORDS PER CUFIC SECCNDS (o PER CUBIC SECENDS PER_CuUBIC
(s CENTIMETEH (a} CENTIME Tl o CENTIMETE . CENTINETER
389,73z 28130C 6. 18EeCT 25102 5,872 4a4dEeCT 397,969 227507 8.26E¢10 4110691 201160 266,500  4a23Eel1
389,760 281151 6r18EeD7 253368 5.872  4.43EeCO 370906 227324 8.05E1C 402,030 200851 350,000 &.42E¢11
3890787 780977 so18EeCT 253689 398Icks 227012 al8sEe10 402,086 200674 395,000  7T.39€s1l
780671 62186407 253511 398,072 226838 S.B8Es10 4020093 200499 432,500  BL20E41l
2acess belBFoe? 253199 356,099 226660 1o10Ee1] 402,160 200191
286317 6o188007 253023 398146 226352 1286011 4020168 20001¢
200c0¢ G l1EsCT 252847 338,174 226178 10296011 402,195 199838
275628 6o 18EeCT 252540 226003 1.18Es11 «02.2¢3 199530
27965¢ 62196467 252383 225698 8.68E010 <02.211 199381
275337 6i19EecT 252188 228547 70956410 02,299 199208
279160 Sel9EsCT 251904 225370 7.36E410 402,345 198900
218902 6e19ESCT 251729 225061 6e84Ee10 402,371 198723
278870 6aBLEeCT 251555 224886 7.62E010 €02.400 198546
278002 6e13E0CT 251248 224711 A T8Ee1C 02,444 198235
276311 el18€4CT 251071 224002 Li5LE1L «02.476 198358
277995 6e20€007 250854 224224 1e81Ee11 32,503 197902
277805 7237607 250583 224048 1.98E11 w2056 197572
2717128 6e20EeCT 252405 223133 1io2Ee1t 402.578 197394
27¢548 8I51€eCT 250226 223555 10t1EeL 4020605 197217
276034 1.CIEeCE 249913 221377 1a35Ee11 402,652 196908
27e452 7085€0CT 249736 223085 1.176+11 402,680 194726
276271 9.alEe07 249558 2220607 1i1sEe11 402737 198544
275953 1176 ce 2e0245 222708 1026Ee11 402755 196202
275707 70386407 249965 222369 12386011 202.783 198023
215250 LoczEece 248084 22215¢ lesaEel) 402810 195846
275¢85 1.78EeCR 248555 222011 1056Ee11 4020857 195531
274914 1.326+C 248375 221608 10626011 4020885 195351
21e6C2 9.aTE.C7 248196 221518 1034E0L1 402512 195171
27621 Le4hEeCE 247082 221338 10306411 402,680 194857
274240 1.19€+C8 247102 221025 1o45Ee2 402,988 194679
21392 1.128408 201523 220848 LaT8Ee 1L 403.C15  Laas0a
27374t 1.CoFece 247208 220671 2.56E+11 403.061 194182
273568 TeaBEeCT 247027 e.22F+Ch 22033 2.96€011 403.061 196013
213258 B.IlEeCT 246848 12306010 22018 2.9bEe11 403.118 193837
273001 1063Esca 266529 8.23E40% 220cc6 2082E411 4030165 193530  325,0C0  5.58Ee11
272504 2.89E0C8 246349 8.04E4CS 215658 1.98E+11 403,191 193350 375,000  6.59Eell
272585 3LE4E+CB 266170 7.85€469 219523 1eShEsll 403.220 193177 375,000 &4 5BEel1l
2124017 5.25EeCE 245855 a0geca 216345 1231Ee11 4032268 192895 350,000  6.06E+11
27224¢ ilteEecs 245674 9.35€eC0 219089 1010E011 ©930256 192720  280.000  4.6%Eell
271930 3.6SEeCH 245493 1.03Es10 218093 10176411 €03.323 192546 223,000  3.53€e11
211756 3.72€+C0 150276 245176 1.21E410 3990327 2larls 1036411 4030370 192239 176,500  2.67Eell
271501 31c0EecE 35,30k 244990 1.326000 3390315 218407 2.04E11 403,338 192062 170,000  2.55E411
211300 3.65E4C8 W zecaly 1036410 210231 20676411 4G)e425 191884 170,000  Za35Eell
271115 “lTEeCE 395,378 244502 1.03€e10 218055 30306011 403.472 161573 212,000  3.32E+11
27¢937 s.33EeCE 395,406 244321 217747 3.C1E11 4030501 191396 290,000  4.81Fell
27€614 5.09E+C8 395433 244140 217570 2080E4 11 4330527 191215 375000  6.49Eell
27C442 S.a5EeCs 3050481 243623 217393 21608411 HIL5T6 190902 455,000  R.1lEell
276265 5.58EeCH 395,500 243843 217002 20296011 403,604 190722  445.000  7.90F+11
205552 5.31E008 395053 2e3ebe 210603 2i47Ee 11 403.A1 190541 420,006 T.38Es1l
26577 3.35EecE 395,503 243149 218723 20658011 403,679 190227 375,000  6,45Ee11
2¢955¢ 557858 395.611 242988 216408 2.76E011 403.7C7 190049 3670500  &.29€+11
265262 5039400 295,639 242787 216229 2.78E¢11 4070734 189869  375.0€0 b ssFell
26910% £a196sCH 3950680 242479 12196410 216050 303EalL 4330761 189530 395,000  6.83E+11
266927 €.20E LB 3950714 262200 1.19€010 215723 1.93E+11 4C3.809 186349 185,000  6ub2E41l
26014 el226ech 2550741 242141 101%.0¢ 213561 1076Es11 403,836 189168  375.000  butlEe1l
268¢32 6e56EeCa 395,788 24179 SLTT6409 215360 10576411 L0Y.8R4  18BRYC 2230900  3u4TEeIL
268252 TazeEscE 395 816 241615 BL6bFeCT 215043 1299€ 011 ©03.912 188874 203,500  2.11Eell
267910 6e63Eece Je50m63 241634 PNTIRr 214864 2.13€+11 403,539 188495 176,5C0  2.62E<Il
267173¢ To1sEeCE 395,891 241117 1011E10 214584 3.16Ee1) COI.SET 188182 163,530  2438E+11
267549 7.29€eCe 3950519 240937 1021Es10 3990989 21437C 3.84E¢ 1l €04i015 168003 189,000  2.B)Eell
267236 6039E+C8 395,946 240758 1.266+10 430017 214186 4u59Ee11 436a04> 187625  217.500  3.3%Eell
267055 erpdEacE 3950563 240643 12388410 400sC44 214007 40CRER11 404sCS0 187514 375,000  a34Es1]
2e8078 7.25€¢Ca 396,021 260202 1.42E010 420,092 213890 PR LWL 1B7338  ASL000  T.73EvIL
20e562 €.40E+0A 306,048 240081 1e45Es10 £00.120 213511 2088E411 404.165 187163  465.CC0 8. 12Fe1l
266304 alaiesce 396.C56 239764 lassEelr «Q0I147 213331 2.16E011 €04i192 186857 455,000  T.9CEe1l
26620¢ S.13EeCH 3960124 239584 1264E410 400,194 213017 10856001 4C4i220 186580 432,500  TaskEell
265294 1. ChEecs 3es151 239405 1.83E<10 212835 1a65E¢1D 4D6.26Y 188506 420,000  T.1REs11
265117 S.S9EeCA 306,198 239000 2.23F¢10 212654 1.95€+11 4041295 188221 4120530  7.02F+1l
26554¢ 1.Coesco 396,226 238979 20626410 212337 186045  €20.000  T.156411
265231 8.I5EeCE 396,253 238715 2.80Ee10 212158 185868 €32,500  7.39F11
265055 s.67E4Ca 3980361 238399 2.55€410 211978 185558 395000  &.bkEell
264906 € T5EeCR 360320 238220 2034010 211see 185382 337053C  S.52Es11
2e855¢ 8.08F+08 1982356 Z3RD41 203eE0 10 211480 185206 260,000  4s%3Fell
264421 a.94EeCo 396,403 237130 1.94E+10 211305 184397 189.060 2477+l
266248 1.02€50¢ 236,431 237552 1.94E+10 210951 196719 183.C00  2.6E+11
263935 1.13E+0a 3960450 237375 20136400 210802 184540 169,000  2.T7E+ 1L
263761 1234EsCE 3960505 237065 20498010 210e28 104226 272,000  4.21Fe11
261582 1.65E+00 395,527 236866 2a55E+10 210311 186048 325,000  5.23E+11
263271 148009 06,560 236708 3L4sEeT10 210191 183869 395,000 e 45E+11
269092 10366409 196.6CA 236398 “e25E410 209952 183556 £55,000  7.70E<1l
262911 12326409 36,836 236222 w5240 2c9e38 183375 455,000  T.69Eell
26250¢ 1.27€40% 2960661 238047 4o25Ee10 400.73¢  20945¢ 2012011 00789 1AMBZ  €55,000  T.68Fell
26242¢ 10 26EecS 3960110 235741 3.34€010 20,761 206279 2.€1€e11 406808 182865 420,030  €.9Rc<l1
262239 10366400 0e.738 213585 [T 400.8CA 208965 2036E011 404836 182685 4200000  be7Ee1l
261923 1letEeca LTS 235414 3L10E410 <30.835 208785 2,736 13 404,863 182506  £55.000  Tu6eEell
261742 1290€409 396,813 235106 3.08E410 430,863 2086C6 3e25€411 404,810 12181 75,000  B.91EeI0
26153¢ T.83€eco 3reiEal 234229 3i26E010 400,916 2CF291 G 96E11 04197 182010 70030 5.33FeCS
261220 10726409 296,868 234752 3150410 430,538 2(8l10 5.87€411 436,965 181829 12050 6.09E+CH
261038 1IelEsCs 396,916 234442 3189610 0,965 207929 selsEell 405,010 181511 2,050 loceEece
260855 2.14E 08 396,944 224766 aii2€erc 401013 207611 ST0E411 405,041 181330 2590 3.a9€eca
260545 1.85E400 396,571 234090 4u30E 10 431,061 207430 3.10€e11 08,068 181149 Slu0  4szEeCT
26365 2021409 331,016 233780 4030E+10 401,088 207249 3034EelL «05,116 100832 ls10 3.37Eech
26€186 238EsCo 337,046 233603 41396410 405,116 206932 3.20E01 405,166 100850 1350 2031€e0R
25487« 2ue4EeCs 3920013 233826 Paror e s01.14s 206752 3033611 405,171 1680469 S230  1.52€ece
25890 397,120 233t1s Li8sEsln WOL171 206572 3.6TEs 11 95,219 180152 l820  5.39EeC8
259521 3970148 237934 5.26E410 col.218 206258 3.67€e11 405,247 179970 1960 ba0EsCE
259214 2970175 232750 SecEelc 4Ol.266  206C77 3.686411 w05.216 179777 20130 1.43EeC9
255037 3970223 232438 5.53Ee10 401.273  20%89s 183,00  3.07E411 405,122 179461 1.230  7.85Esch
258806C 2n2EL 232208 sieaEere 4310321 25579 1000 2.54Eell 495,350 179282 Rt
256551 397,278 232007 5:31E000 4312329 205399 157.C00  2.34E<1l 435,377 179104 S510 3.3sE+CH
25¢0CC 7,325 2317152 4i4BE10 4310376 205220 163.500  2.65E*11 405,426 178792 2580 3.M9ECB
258224 3970351 231571 wIsEelc 431.423 204905 212,000  3i64Eell 4)s.e52 176813 L5e0 3lseech
251516 . 3970380 231380 4.21E+10 4)1.651 24726 270,000  4atS€e1l 178434 Ze30
257781 3. 795009 397,428 231073 4c53F010 204543 367,500 1122 L3130
257568 3158E 08 3570486 230893 5.10E+1¢ 26422¢  355.00) 177950 20
23725¢ 4r25€4c0 397,483 230714 5.99E410 204046 3%5.003 405582 177706 <230
257080 S1sEs09 3970530 230390 8.56€410 <I1.5A1 203867 350,003 405,630 177656 l1eo
25¢502 3.58ECO 3970558 230218 sieuEsle <)1l628 203553  :12.003 “0%.085 177102 180
256589 3,20E+00 7565 230037 9.8IE+10 40l.656  2€3377 195,003 4350733 176794 .23
3330560 25eal1C 3.26509 3ar.ex1 228719 7.658+10 <0re1 20319« aa5.761 178614 <290
3930587 256231 3.11EvCe 39661 229538 6.T4Ee L0 41.730 202079 405,788 176452 el0
. 255916 3970688 220357 6o1lEs10 01,758 202685 €15IR36 176138 3es00
393663 255738 397,73 229040 5.64Ee1C 431,785 20250+ . 58Ee11 sesges 175903 50930
3930690 258555 JeTT6¢ 220808 siesEel0 401,833 202188 223,003  3.80€s1) 05,851 115790 2.0c0
393,738 255235 397,791 228885 6017610 “dr.31 202008 212,003  3.57Es11 405,938 175¢89 10,200
393,706 255035 397,839 220340 o196 10 ©Il.8RA 201828 203,500  3.3SEsll “Cs9es 175315 1,050
333,793 254855 3370887 228171 1iestere 431098 201514 2120000  3.58Ee1l w08.993 175142 2590 d.BEEecE
353,840 254542 P 3970894 227993 8.056+10 <0l.%84 201337 212,000 SEs11
353,868 264362 4aCBECS 397,541 227681 59.320  @.33Eel0

3] peter = 0.3048 feet .



APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-II, PROBE 2

ELECTHCN ELECTRCN ELECTACN ELECTPCN
ELAPSED ALTITUDE, CURRERT, BENSITY, ELAPSED ALTITUDE, CURRENT, DEKSITY, ELAPSEC ALTITUDE, CURRENT, DERSITY, ELAPSED ALTITUDE, CURRENT, DENSITY,
TIvE, FEET  WICROAWPS ELECTRCHS TIFE, FEET  WICROANPS ELECTRONS T1FE, FEET  WICRCAMPS ELECTRCAS TIME, FEET  MICROAMPS ELECTRCHS
SECCHDS PER CUBIC SECONDS PER CUPIC SECCNDS PER CUBIC SECONDS PER CuUBIC
W CEATIPETER] W CENTIRETER] w CENTINETER (0 CENTINFTER
389,736 281278 «109  8.88EeCT 393,846 254520 5.36E¢CY 357,857 227970 88410  9.88E¢10 401.967 201313 S.T0E<1L
389,763 281129 2103 S.@3EeCT 284340 5.38E¢09 227059 w413 401,954 201138 $.99E411
389,790 280958 «10)  B.EBEeCT 234160 5.36E0C9 22148C 864141 402042 200829 1.53Ee11
385,838 28C649 $102  5.68EeCT 253846 5.73E¢09 227301 402.C69 200652 B.796411
389,865 280472 2100 3,E5E$(7 253887 6.36E409 226990 402,096 200477 940131
369.093  z8C295 <109 S.BSEaCT 233488 226814 402.144 200189 TasBE<11
389,501 279984 4103 3.85EeC7 253177 5,e6EeC9 226038 02,171 199992 2S1€0d1
189,968 27980¢ 4103 B.e5EeC? 253001 5448E+C9 226311 402,199 199816 5.43E011
389,996 279527 <100 3.83Eec7 252828 5.25E409 226156 4020247 199508 2.61€011
330,044 279315 $100  5.ESEeC? 232517 223981 402,274 199359
3904671 279137 4102 S.85Ee(7 232341 225701 402,301 199184
390,058 278980 <103 5.83E407 252164 222525 402,349 199873
390,146 278648 «120 T.03EeCT 251882 225348 198701
390,173 278470 2113 BakaECCT 251707 225040 198523
390,200 278291 2103 5.86E4(7 251533 224864 198213
390,248 271977 2128 T.50EeCT 251226 224689 199016
390,275 271783 4109 6.41EeCT 251040 224380 197860
390,303 2778¢2 4103 3.86EeCT 250812 224202 197550 €a8RESL)
390,351 277285 S119 6.96ESCY 250561 224023 191372 6.94Ee11
390.378 277108 2109 &442E+CT 230382 22311 197194 1
390,408 Z7692¢ <100 5.B6E¢07 250204 223533 196082
330453 276811 slé6  E.SSE4CT 249891 S.16EeC9 223355 196702
190,480 274430 2263 1.61EecH 249713 «£2€409 223043 198521
390.5c8 276249 «183  9.57EeCT 263535 4.TIEeCY 222064 196179
390,556 27593¢ -203  1.12EeCH 249223 8.01E409 222885 194000
39C. 384 275743 2286 1.56Eecn 209042 S.82EeLO 222348 195821
390,861 273234 4203 1.19E+C8 2¢p8¢2 9.66€4C9 222167 195508
390,687 275064 4263 1.53FeCE 248513 22198 195320
390,713 274891 e196  l.15EeC 248153 221072 135149
390,759 214379 2210 1.23EeCB 240173 221498 194635
190,786 27435 2413 2,41EeCE 247859 8,80 221316 194558
390.€16 274217 +280  L.70EeCH 241882 B.86E+09 221003 194478
190,662 273902 2215 1.23EeCE 247500 8.6sEeC 22082¢ 194167
39C. 880 273724 173 9.6EEsCT 247186 220049 2.68E¢11 193993
130,918 273345 .123  1.08E+CH 247004 220340 3.56E¢10 192815
390.506 273238 <150 B.8LENCT 240823 220163 3376411 193508
393,991 27305¢ ce80  2,7MEe(B 246506 219985 3256011 191332
331.018 272862 583 JadlEece 246327 219678 2,51€+11 193155
391066 272573 163 aocaEscH 246147 219502 SISEell 192873
191,093 272395 1030 6.CEEsCE 243831 216327 l.eBkell 192699
WL.121 272218 4937 5.46E408 243851 219047 1e45Ee1L 192526
39,189 271908 4820 w.B3EeCE 263070 HITE 1.saEelt 192217
391,196 271134 2750 4u42Eece 245153 218664 1.9akell 192038
91223 271535 «671  3.95EeC8 244574 218385 2,80€411 191882
3,271 211278 4780 albbEecs 264790 218209 3.278011 191553
191,299 271096 4823 4.BaEeCA 244480 210332 e 191372
33,328 270018 -S43 5.55EeC8 244298 217725 3esukel) 191193
191317 27¢597 2932 5.50Ee0R 240117 217548 318011 190849
191,404 27¢420 4903 5.36EeC8 243000 9,07F409 anm 3a14E01L 190770
39,832 270262 1018 6.CIEvCE 243621 9.08E (9 217060 2928411 190520
391,480 286931 1,026 6.G3EecE 243461 1.026010 210280 20976011 190203
11507 269752 1,021 6.C3EeC8 243127 1.35Fe10 216701 3188011 190026
390,335 265574 -376  S.T7EecCH 242945 56E410 218383 3.23E0 1) 189847
191563 26926¢ 10643 b.16E4C8 242764 1.89E410 21620¢ 2.17€011 189508
31,610 269083 1.109  6,58EC8 262467 218021 2.85E011 189321
9.617 268904 L1y e.s3Eece 242268 21370C 2.55E011 189146
331,685 260592 1,286 T.elEecs 242088 215519 2.40E411 188831
W72 268811 12334 7.90€ec8H 241774 215338 2356012 189652
191,740 ze823C 1,227 T.26Eecu 241502 1.26E410 215021 2.20€011 108472
391,788 267688 1,383 8,23E+CB 2e1411 1£e10 214841 22696011 188159
9115 2677C7 1,196 B.26EeC8 24109% 1.56Ee10 214662 PR 187981
31,863 2a7527 1,389 A.23EeCH 240913 214347 167803
191891 207212 12280 7.59EaCR 240735 214168 167497
191,618 267032 1403 B,33EeCH 240021 213985 187318
331,968 266853 1378 8.17€ec8 260239 213568 187141
351,994 266540 10559 S.28FecE 240058 N 213488 188835
132,021 266381 10732 1.03EeCS 239741 2.25€01¢C 213309 18685A 117012
392,049 Zoelfd 2.C3%  1.21E908 239562 2,28E010 212994 186507 1.126012
392,097 203872 20219 1.3cEecs 239382 2.536010 212013 186199 121012
392,124 263695 2,201 1.35EeC9 33068 3.CeEv10 212632 186023 1.2RE412
192,152 285518 2.€97  1.25£409 238858 212315 1e5ues . 1326012
392,200  2852¢¢ 12775 1,05€409 210593 212135 PI 195536 1009.000  1.22€¢12
392221 205003 1676 S.71Ee(8 238176 211956 “aClESLL 185350 1000.030  1.326+12
392,255 20en82 1782 t.C3EeCS 238108 211862 3.86€011 1651A«  1000.0C0
172.303 264574 14775 locsEecs 238019 211462 J.E5E01L 184875 725,000
31922330 204399 1,798 1.C7€+09 2317708 211287 270,000 3.53Ee11 1A4696  685.000
392357 204224 1.546  1.16€409 237530 210968 337, s9Eell 184517 655,090
192,465 2e3a1? 20825 1.70£409 237353 21787 375,000 13Fe11 184204 725.030
192,432 263739 3195 1.50Fe00 237062 210605  195.003  54308e11 184025 820,000
VI2ae60 263361 3575 2.19E409 226980 210289 420,003
1320508 263245 3236 1.576e09 238886 210109 412.50]
172,535 26307¢C 3,236 1.57Ee05 236378 209929 .
3920363 202891 3,072 1.86E409 236200 205615 223,002
192,611 262577 2,122 1.6)EeCs 238025 209436 181,003
102,638 262397 2,002 1.58E009 235119 209236 145.C02
¥z.te8 262217 20799 1.68E0D9 233503 208942 189,003
192,716 201901 30169 1.926¢09 233392 -56E+10 20876) 280,003
192741 281720 3,423 2.C9Ee09 233384 3.46E030 208583 350.00)
192.769  2¢1313 3701 2.28Eecs 234307 1.56Ee10 208288 445,00
192,817 281157 3.575  2.20€4€9 234130 3.70E¢10 208087 455,000
192,644 261047 3.480  2.12Ee09 234420 4L19Fe10 207906 480.00)
392,672 260137 3.93%  2044E406 236248 £12.503
392,920 260522 42207 2.63E409 230t 365,000
392,947 260343 40319 2.70€+C9 233758 175,302
392,975 2s016¢ 4.895 3 11Ee09 213581 367500
193,623 259852 5,375 3.e3EeQ9 233404 375,000
393,050 259076 S.441  3.50EeCS 233092 365,003
193,077 250499 5.6sl  3,50Ee09 232912 375,000
113125 259191 54021 3.20€eCS 232131 380,002
393,182 235014 3701 2.23E409 232418 325,003
393410 252838 4319 2.71E4C 232224 205556 290.002
393,228 258525 3.086  2.41€409 212044 205311 290,003
332,255 236378 40488 2,83Ee09 231720 205197 225,
333,283 258202 42769 2,02E¢CS 231548 20488 395,003
193321 z8785« 5,609 3,4BEsC9 31367 204701 465,000 11a1n0 10630 1.C8Fecd
193,358 257719 Ta122 74409 2110%0 204520 555.000 177922 1670 7.CCE«CB
191,385 257344 7.905  5.34E009 230871 204201 54€.003 177748 L680  4L47E+08
393,433 23723 0,995 4.65E000 230891 204024 585.003 177432 <490 3,23EeCH
393,460 257058 6,740 A4BESCY 230370 203844 . 1717287 <760
393,488 256875 40069 2.96E009 230195 203530 4204002 177080 820
193,536 238567 $.523  3.87EecCH 230914 203351 375,003 176712 «650
113,563 256330 54227 3.356+409 229807 260171 387,990 176596 +960°
193,591 238200 $.303  3.alE+09 220515 202856 367,500 178420 1510
193,439 255896 50441 3.51E+Q9 229334 202663 385.00) 176114 15,500  1.21E+10
393,666 233713 6,172 &4CoEeC 229017 202482 420,000 175941 20,000  l.slEelO
193,694 255533 £.508 & 29EeC9 228023 202166 «12.50) 175760 23.000  1.BIECI0
390742 235217 74521 5.0BEeCH 228602 20196¢ 432,300 175467 264900  2.24E010
393,769 25501% 70521 S.CafeCs 22m327 201806 420,00 175203 -930  6.09E+cA
193,796 254832 7.386  4.96E+05 397,270 228148 401.540 201492 420,003  5.33Ee11 175120 «680 4, 4bE0CH

3 meter = 0.3048 feet
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APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR

RAM C-II, PROBE 3

ELECTAEN ELECTACN ELECTRON ELECTRCN
ELAPSED ALTITUDE, CURREWT, DENSITY, ELAPSED ALTITUDE, CURRENT, DENSITY, ELAPSED  ALTITUOE, CURRENT, DENSITY, ELAPSED ALYITUDE, CURRENT, OENSITY,
ure, FEET  mICRCANPS  ELECTRINS TINE, FEET  MICRGANPS ELECTRONS TIME, FEEY  pICRCANRS  ELECTRENS TINE, FEET  HICROAKNPS ELECTRCNS
SECCADS ) PER CURLC SECONDS W PER CUPLC SECCNDS I PER CUBIC SECONDS PRy PER CUBIC
CENTINETER CENTINETER CENTIFETE CENTINETEH

389,739 281257 5,41E007 393,847 256467 5.68E400 357,901 227948 108,613  1.06Eel) 401.S70 201293  335.C00  f.43Eell

281107 Seb1EeCT 256317 5.68EeC9 3574948 227637 110,957  1.CAEel] 401,998 201116

200912 w6LEeCT 254137 5.82E409 227458 1104957  1,08E011 412.€45 200307

28c627 5.61E007 253824 &y 4BEvCY 227279 200630

28C45¢ S.01E+07 253645 &.T1Ee09 226568 200435

280272 5.t1E¢Q7 253406 S.TIEvC 2247%2 20147

219981 5.61E407 253155 6.60E900 226614 199970

279742 S.L1EeCT 252970 8438EsC0 224309 190704

279805 5.61E07 252803 5.67Eeca 226134 199511

279243 5.01£¢C7 2524958 SeI4Eeco 225959 199337

275115 64136087 252319 5.38EeC0 199102

278938 5.61€+07 252142 5.69€+09 198456

278826 6,17€60CT 251860 €61Es0S 158679

276447 5.61€+07 2510684 Ta67Es09 198501

278266 8,9BE+C7 251511 9.24E0C9 198191

277943 L STiE 251204 Jspafelp 19801¢ 895,500  9.28Fe)2

27776¢C 7. 18E 07 251027 9. H9EsCO 197838 893,000  9.27Ee]1

277575 6.6TEeCT 250830 8.98EC 197528 95€,000  S.Befe1l

277262 50616407 250538 £490E409 197350 1000,090  1.04Ee12

277C83 64876907 250380 5490E409 197172 1000.000  1.04Eg]2,

274903 B 13EeCT 250181 196859 1000.000  1.04Fs12

276580 5.62€4¢7 269869 196679 1000.€00  l.CeFe]2

276407 [T 249891 196498 1000,000  1.03Ev12

27¢228 1.358+C8 249513 Tat0Ee L9 190157 1000,000  1.03F¢12

219907 8.69€407 249290 9.51Feco 195974 10€0,000 1.03€e12

215120 8.0BEeCT 249929 lagsgelc 195799 100),020  1.a3E412

275213 2428008 246839 l.12Ee10 2411Eel] 195486 10C0,030  1.036s12

275042 2474E408 248510 1.07Es10 2.27€411 195396 1000,000  1.02E¢12

274872 2.62£008 248331 1eGlEe L0 2.02€+ 11 195126  1000.090  [.C7€e12

27455 lagIEeCh 248151 9.91Ee09 1.T2Ev1L 194817 1000,00C  l.02£s12

274375 L.24EsC8 247837 1.01Ee10 1.85€¢11 194636 1000,000  1.02t412

274195 1.80E+C8 247657 1.026010 2.22E¢11 194450 1000.030  1.076+32

213880 14676408 247478 1e06E210 L45Ee1] 194145 1090.000  1+02F+12

213192 B.44E4CT 247163 1.08E¢10 2.92£011 193969 1000,030  1.01Fe12

273524 8.64EoC? 265982 1.14Ee]0 3.70E¢11) 193793 1000,000  1.01F412

213213 ToBRESCT 266600 1.14E¢10 3.78E¢11 193486 1000.090  1.01Ee12

27303¢ 2.31E¢C8 268486 14126410 3,416011 193309 1000,0C0  1.01E+12

272860 2570 3.21EeCa 246304 1.07€+10 2.5TE1L 193133 100C.000  1.C1Es12

272551 #8446 72€0C8 248125 L.09€e10 2.20E¢11 192671 1000,030  l.01Fe12

2723713 «90  5.06EeCH 245810 le2sEe1c 1.95E+11 192677 1060,020  1.01F¢12

272198 -90) *ca 245829 le4TEe10 1. T4E+ 11 192552 1000,000  Lu01fe12

271807 245647 1.70Es 10 1.9%E011 192195 1060,600  1.ClE+]2

mmne 265131 1.95¢s10 24236011 192017 100 1.00E¢12

271537 244951 2.04Ee1p 2.94Fel] 1.00£012

211258 24712 1e95Ee1e 2.43Ee11

27101¢ 264487 1e8BEs10 3.6aEe1l

27(892 «26Y  4.84E+CB 244278 led3€eie 3.59E+11

27C57Ts <995 5.11€<0R 244094 le24€sla JaGIEeTL

27¢39a 2991 5,59FeC8 w3778 1286410 3.24€e11

270279 «523 s.19feCE 243598 1.31E¢10 3,02E¢11

269508 243419 TesCEstC Ja1zEell

269730 243104 1.936¢10 Au34Ee1L

26955 242923 2.23€e10 3,396 11

269238 1,602 5.64Ee08 242741 2465Ee)C 3.38E+1)

269060 1o144  £.c4FsCB 242425 2.BTE¢10 3.16Ee11

268482 1.129  p.35EeCB 262245 2470E¢10 2.79E411

268565 L4218 &,R4E+CH 242086 2.408410 2459Es11

2¢83A4 1.21%  a.B69CB 21751 2.08Fe10 2.50€e11

268207 14123 T,4BEeCA 241370 2.C6E+10 317611

267865 La256  7.CBEeCH 241184 lestEero 3,94E 11

267688 10281 7.22EeCR 241972 2.C8E+10 4y 60E411

26750 1.345  7,58EeCa 240092 29.639  2.24Fe10 BacSEell

267188 240711 31.322 -39E. 10 5.85E¢11

26701¢ 2¢0398 33,072 2.55€e1C Se43Ee11 187294  10C0,000

26083 240217 2.81Ee10 167119 1039,030

266518 240038 2.e7Erl0 136812 1000,000

266335 239719 2.T7E40 185634 1009, 000

268161 239539 2485E010 166485 1000,000

265850 239483 3.11€¢10 186177 1009, 000

265672 239045 3.82Fs10 3.55€011 186291 1000,000

265496 23880 4e19€e1C Gl TE-1L 185826 100,330

265187 238670 Se55€e1C Get2Er1l 185514 16C0.0CO

265011 238356 3a8TEelC 4a4lE4TL 185338 950,000

264860 238175 3.42Fel0 GebCESLL 185162 820,090

264552 237997 3.12Ee10 «32€011 184853 440,020

265377 212685 2.75€s 10 “s33E11 laae76 570,000

264202 237508 2.70E010 184495

263954 237130 2.848010 tAe1nl

263711 237020 3.53€s10 184033

263539 236842 £ak0E410 163825

283227 23paac 5.55Fe1C 183521

263Can 238350 8.0nEs1n 183310

262865 238178 e.256s10 183130

282554 236303 1m0 182820

262374 238097 Sellfsic 182640

202174 275421 4876010 182481

261878 235170 4c16Fs10 1A21et

261697 215962 “eQSEsyc 181€85

261491 230885 “P0Fe)n 181738)

261175 23a7CH 4e86E210 181686

260994 234398 5.35€41C 151245 3.TEnC

260814 2.534 4 27E4C9 238222 S.78Ee) 0 181103 2 9SFs 10

26050¢ 2458E+09 234045 6.00Es 1 180780 2.71Fs10

266321 6.09Fe10 180695 2.0CEs1C

260142 5158 Se94EelC 1804 2¢ 1.75Fs10

25983C 5.667 62126410 180196 1.6CEs10

25568) 5.212 T.A8Fel0 170913

259417 6.172  3.71E+08 R.45Ee10 170732

259169 2.92E4C9 9.23Fs10 S.16E011 179¢16

258592 2455L0CT 8.728410 4. T2E011 179238

256816 24£2E4€9 B.43E«10 GeklEell 179059

258507 . 2.44EeCS T.24€430 PIERTISHY 178747

258156 4e43l  2.58E«09 TaBZEs1C 4u53ER1L 17850

2%8LRC S.CR%  3,00F+0% 5459€¢ 10 3.65Fs11 178390

257872 8.87) &, 196+00 5. 36F 10 8.50E021 178377

257807 £.C58  5.ClEsCY 5.51E+10 8.32E011 177899

257522 [ Y 7.08E+10 8.52E011 1171722 2.8CE400

257213 A.381  5,24£008 9u17Es10 B.50F+11 177610 24516509

257038 7.9C5  4.50ECR 14516071 74636411 177234 1.22Esc0

256897 8,995  &,28FsC0 1.75Ee11 5.39€¢11 177058 1469 509

25¢544 60393 3.87Eed8 Te73Ee]| La79Eell 176750 3.3 eca

25¢305 £.68)  3,4)EeCS 1al&Eell 4.78E411 178576 1.6SEsra

25¢186 5773 3,48E409 9.43E¢10 “a76E01) 176398 1.80E2ce

255871 €.39) 3, e7EeCS B.55Ee10 Se13Ee11 176093 6.78FsCa

255691 6995 4.231405 T.TTEe 10 5.29E+11 175920 7.31EsC0

255510 70521 4.64Ev0% 8.01Fe1C 5.61E¢11 175707 7.32E409

255194 8,721  5,49FeC9 B.17E410 e 256411 175445 7.R4F 00

25495¢ 9,596 5,67E40% - 10 Sy Z4ErTL 405,571 175212 BallEsce
343.890 254811 A.58¢ "”“'ULJ 39T.PT) 228126 1.€3Ee11 431.963 201470 515.007  5.22Es11

8) meter - 0.3048 feet




APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-II, PROBE 4

ELECTACN ELECTAON ELECTAON ELECTAON
ELAPSED ALTITUDE, CumReT, DERSITY. ELAPSED ALTITUDE, CURGENT, DERSITv. ELAPSEC ALTITUDE, CURRENT, OENSITY, €LAPSED ALTITUDE, CURRENT, DENSITY,
FEy MICROAMPS  ELECTRONS MICAOANPS FLECTAONS TLHE, FEET MICROAMPS ELECTACNS TIVE, FEET MICROANPS ELECTRCNS
sconns ( ) PER CUBLC sttonds ( , PER CUBIC SECCNDS P PER CuBIC SECONDS w PER CUB(C
. CENTIMETER . CENTIMETER . CEATIMETE! » CENTTMETEM
389,743 281235 Sa42E4 7 393,851 254475 14,379 SeCHESQT 227926 170,742 1.60E411 201210 100C. 000 Q. 34E4YY
389,770 8. 393.878 254295 8, 56E409 227614 170,742 1.00€e11 1000.000  9432E011
3 393,906 254113 9.63E009 227435 164,085 1.52Ee11 1000.900  9.3CE+11
189,845 280604 393. 654 253401 1.02E¢10 227257 167,385 1.88E¢21 200608 1000.000 e 20E*]}
872 200427 !9!.0!] 253622 14CBE+10 226546 150, 172 1e81Es11 200433 1300.000 9.27Es1 L
389,900 220250 253448 1.CaEe10 226170 2CT.1ls  2.00Ee1l 200125 100C.000  P.24Eel1
3890548 279939 Jaesr  EN% 2, 19€4¢9 226594 219,222 2.14Eell 199948 975.000  B.IRE41}
389,975 279761 e 394.C86 252957 92356409 226287 229,21 2.23Ee11 199772 820,000  7u44E¢1)
390.00) 279583 SaGbEeCT 394,111 252781 9e21EC09 226112 229,278 2.25Ee11 199489 600,000 Se29E411
390,051 279271 £43264C7 395,159 282473 8.74E909 225937 213,707 2.07Ee1d 199315 640,000 5.67E+11
b 7 279093 BE+CT 3944188 252297 B TAE+09 225657 174,159 1462E011 199141 655,000 5sBOE¢11
390.105 276915 8.53€+C7 394,214 252120 9.30E+09 225481 160,845  1.47Ee1L 198834 750000  6.71Ee11
3904153 272603 Te63Ee0? 394,262 251812 1.11E+10 225306 156,539 1.41Ee]] 198656 820,000  T.39Es1l
390,180 278428 8. 19Ee07 394,289 251664 1aM2E+10 224998 154,539 1.40Ee11 198479 975.000 B,90E¢1L
390.2€7 278248 1,68E0C8 394,316 251689 1.33Ee10 224820 181,059 1069Ee1l 198169 1000.000 9.13E+)1
330,25% 271919 1.21EsCO IT4e 34 251182 1. 13E+10 224845 207.114 1.98E¢11 197992 10C0.000 Sa12E+1)
2117 251005 la67Eel0 224328 278,070 2eT79Ee12 19781% 1000.000 Q.11E+1]
277536 250827 1a51E¢10 224157 2120143 3.19Eell 197505 1000.C00  9.1CE¢11
277240 250516 1209E 10 223979 307, 238 3,)4E62) 197328 1000.000 Qu0FF el
277060 250338 9.51E4C9 22388t 202,305 2.E3E11 197150 1000.0CO F08Es1)
276881 1.22E4C8 250159 9.51€009 223489 2630377 2438Ee11 196837 1002000  9.07€511
2765606 a43E¢CH 249847 9 51E+C9 223311 238,228 2e29E411 196056 1002000 Q.0TEel]
27¢384 1, 79E4C8 249569 1.10€¢10 222998 219.222 2. L0E¢11 196476 1C00.000 9.CoE*11
276203 249491 lelQE¢l0 223820 219,222 2.10E¢11 198135 980,030 B.BTE+11
275883 249178 1. 58E+10 222641 238,226 2a29E¢1) 195935 222.500 A.3CE¢])
275697 248997 1aTIE+10 2223¢C2 239,776 2«32E¢11 195776 857,500 TabTESLL
215192 248816 LaB3E+10 222122 268,029 W €2E411 195463 89%,000 B.03E*1L
278021 248688 1.TIEsIC 221944 262,128 2.57Ee1l 195263 975.000  B.B0Fe})
274850 248208 1.87E410 221630 238775 2.31Eel) 195106 1007.030  9.C4Estl
274334 . eIEsCE V4, 029 248129 la%6Ee1C 221451 2124725 24236411 194790 10C0.000 QL OIE|L
274353 3. bb6EeCH 194, E77 24TB14 1.80E¢10 221271 241,377 2435€+11 194612 1CCO.0CN 9, 26411
!‘Iﬂ-!ll 274172 394,904 247635 1.82€«10 220959 285,577 ZebAESTL 194431 10004090 9.02E+1]
273058 39 31 247455 la&6TE410 220782 307,858 3.0TEs11 194123  1000.009 9.01E+11
JVD.H‘?A 273879 247140 L 25E¢ 10 220803 Yes, 340 3e82Ee1) 193067  190D.020 QuflEelL
330,923 273502 2446959 L.BlE+10 220296 409,604 4.28Ee 10 193771 10Cl.000 9 01E¢1)
330,971 273191 248778 le?9E¢10 220118 355,142 44 CAEs1L 193464 1003.02n 9.90€«11
390.998 273014 268401 1.73F+10 219941 381,57~ 3,92E¢1t1 193287 1009.000 9.00F¢1)
272838 24606282 lebsEsll 219833 299,31) 2095€011 193111 1€00.0C0 B8.99F*11
272528 248102 1o TYFe10 219458 273,973 24b6E+11 192A29 1700,020 B.99E¢11
212381 245747 2.C5Fe10 219284 243,377 2.32€11 192655 1000.0C0 8,99k 1)
212172 2456C6 2e XCEe10 215002 232.1725 2420411 192480  10C0,nan
271865 265425 2.71E¢1C 2186826 254,478 2.53Ee1t 192172 1000.000
271690 245108 3ad4Es10 21 885¢C 206,247 2479F¢11 191995 100,000
271310 244929 ERTINT 218341 388,C5%  3,8TEell {e1n17 1200.000
271232 264749 J.1sEelC 218165 390,402 3.6TEe1L 191506 10C 0,030
271051 248434 2e%1E¢10 217983 273,677 2.04E411 191327 1000.000
270869 244253 2.1¢E210 217681 395,142 4a0lEs}1 191148 1000,00n
270533 44072 1e94E1C 217504 305,871 2.90E«11 1904)% 10C0.0C0
27C37e0 263755 Lassge]0 21mnzr 372,801 o TAETLL 190853 10¢3.930
27¢198 8.0sE+c0 243370 2.05€210 217015 30,426 3.08Eell 190475 1003.000
26948¢ 8.59FEeCR 3 243396 2. 2%E%10 216815 372,001 JaT2Eell 190160 100C,0CO
265708 Q. I5E+08 195,554 243281 2.9%E¢10 216555 385,571 JePIEe1]
269529 S.15€e€8 395,621 242900 3eelEn1C 216341 395,162 3.98Ee11
209218 TEeCH 39 242719 4e30E¢10 218162 3B, 671 3. 85Fe11
269C3E ‘i.&&(':ﬂ 262402 SaB4Ee1C 215982 377,140 3.T4E¢ 1]
268960 1.CBEeCS 242223 4419510 2158655 342,305 3.34Eell
2685486 24204) Y.TBE¢10 215473 337,575 3.29F 1)
268368 241728 JallF41C 215292 128,027 3. 14E01]
268184 241547 2,97F+10 21497¢ 390.00) 3.85E411 B,93Fe )
267843 241368 2o TBESIC 21479¢ 49,000 4e4lErll = 73Fs 11
267662 241049 J.CAE+IC 214817 470,003 Lo T5F el Be92Fs11
267402 240810 3356010 214307 £70.603  5.88E+1} 2.926+1)
261167 240890 J.ehEsle 214120 $85.00)  6.05€e11 892k a1l
26698T 250375 3.77€+ 10 213939 535,003 Beb9Fe 1L B.91€s 1]
26068CP 24G194 3.90E+10 213623 455,00 4ot 3Eell R.alEs) )
26649% 9 240011 42 DBF+10 213443 432,500 4 27E011 8.91Es11
268317 2. M1E5CY 239898 4« 1RE+1C 213264 420.003 4.13fetl
266139 2.81E°C9 236517 4esTESIO 212949 145,001 .73kl
265828 2450F4C9 2393117 % 91E+10 212747 185,000 3. BIE4 )1
265651 «51EeCY 239722 Ga13Ee1C 212586 420.00) 4s10E011
265474 2ehBESOT 238841 6.93E¢10 212270
265165 Lo BOESCH 238847 TenOL+10 212090 185492 1000,000 8. qlEcll
264985 238312 %a9TEC10 211911 183316 10C7.000 B QLEsLL
284832 238153 5 27F+ 10 211591 1r5140 1000,0C0
2¢e453C 237975 ©e59E41N 211417 184330 Iﬂol oon
264355 . 237683 “<00E«10 211238 184651 1D 20
264180 2. 5E409 237486 4.07E+10 21c922 186472 1ocﬂ.nnu
263972 3.50F+09 237309 4s31E410 210741 5554003 !-SQFAII 1B«159 1070,000
Y. 94E+Q9 236998 S«63E+ 10 21€567 655,001 GaOlESIT 163931 [003,090 Ba90Fsll
236820 T.0%Ee10 21C244 670,003 BeTSESLL 183H02 Il‘(‘ﬂ.lJDO
218642 Ba25€s10 210064 655.09) b.57E411
238132 1+05F¢11 209438% 50,007 SeblEell
236157 1.1RE+1Y 2CS57C 494,00 4. TBESTL
235981 8.81E+1C 209391 455,000 he J4ESLL
235675 1258410 209211 485,003  A43Esll
235499 ©s3SF¢10 200897 485,002 Geb2Ee])
235388 ba21E+10 208718 515,003 AeG4EsLL
235040 6.00E+10 200538 37€.000  5.526411
234883 €.32E+10 208223 725,000 Tel8E011
234686 T+09E+10 208042 #20.000 Ba20E411
23437 Bal4Ev1C 207861 755,003 To90E411 181262 3e28F el
234200 B.39€¢10 2CT543 750.000 TeIFEell 181081 e lTEeLL
234023 Be 39E410 207362 725.003 Tel0E+11 180784 R.90E¢ 10
23371 Beb1E410 20T181 700,003 b6eB82E*11 180582 B.26E+1C
233537 BubTE4IC 20608064 685,000 beb3E<1) 13401 5.T0E+10
233359 B.STE+10 216685 100.00 6.TOEs11 180084 “o84Es1C
233047 1.04E+11 206505 750,003 Te30F+11 1719890 ab2Fs 10
232867 la1s€ell 200190 795,00 TaT3Eell 179709 5.32E410
232686 1.28E411 2c6C09 700.002 BeT3E411 17939 2e91F010
42526409 2321 1e31ETL 204828 685,003  6.5sEell 179215 ZL0kEe10
238794 70817 3Ee09 232179 1o1eEelr 205511 570,000  3.3<Esl} 119037 1.6bEs10
258685 0E*CY 231999 1.02E+11 265332 60,00 SetaEsll 174724 1.68Es10
258334 2E+C9 231604 B, 1TEe1C 203152 640.00) beCRECLL 1785¢0 bEelC
258138 Ba984 5- 31Ee09 231503 TabSE€10 204837 820,000 Te90E+11 173387 l.&ﬂlllu
257850 12.315 ToSBESCT 231322 Teb4EeLO 204856  1000,00) 9 TBELL 178055
257875 14.C75 B.81E«09 231005 B.5KE¢10 204475 1€90.003 9.T8ESL] 177877
257500 15, 605 9. 81£409 230826 1.06F+11 20415f 1010.003 9. T2E+11 177699
257191 . 6E+09 230646 1a3TEs 1L 203918 1000.00) 9uT0E¢ 1} 177389
237013 13.223  Bi226+09 210331 1.95€011 203799 10n0,003  9.67Eell 177212
256835 11.878 Ta28E+09 230150 24 10E41} 203485 1000.003 9ab3EeLL 177036
256522 10,798 6. 556409 229989 2.08€411 203306 990,000 9eS1E411 17672
25¢383 10,293 6.18E+09 229651 L.80E+11 203126 980,000  9.38Ee1l 176582
258161 10,407 SE 09 229470 Ta36Fe11 202811 9604003  9elaell 176377
255848 ba45E4CY 229289 1.15€¢11 202617 1600.003 GekqEe1] 176071
235688 11.823 16€eC9 228512 1e03Ee11 202437 10C0.002  Fu4TEell 175898
25540F 13,048 11E+09 2287718 1a1%Een] 202121 1€DD. 0D FedIEe)) 175726 .
255172 134909 B, T2E¢LH 228597 1.15€E411 201941 1000,00) FetlEsll 175424 1.50€+10
254967 14,239 8. 56E 409 220202 la62E0 1 201761  1700.00) 9.39€+11 405576 175250 4.89taC9
254708 14,772 9.34Ee29 220100 164,085 1.53E+11 401.947 201448 1000.000 94 36E¢11

1 metor = 0,3048 feey



APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR

RAM C-II, PROBE 5

ELECTRON ELECTRCN . ELECTACN ELFCTRON
ELAPSED ALTITUDE, CURRENT, BEASITY, ELAPSED ALTITUDE. CURRENT, DENSITY, CURRENT, DENSITY, ELAPSED  ALTITUDE, CURRENT, LCENSITY,
TIPE, E ELECTRONS TIKE, FEET  MICROAMPS ELECTRCNS MICROAMPS ELECTRONS TIME, FEE MICROAWPS FLECTAONS
SECCNDS a PER CUBIC SECCNDS IR PER CUBIC PER CUBJC SECCADS ) PER CURIC
CEATIMETER CENTIMETER, CENTIMETE R CENTIHETE

389.746 201213 6.33E007 393,85 254452 14.574  S,ClEeCT 187,527 1.81£¢11 ©31.877 201248 1000,030  A,66E¢1}
389,773 281064 7, 38E+C7 393,882 254272 16,974 9,01€+09 1.58E+11 201071 1000.090  8.¢5Ee11
385,860 290985 303,909 254993 15,823 9,58E+(Q 1.51E¢11 200743 1000.030  8.63E¢1]

280582 393,557 253779 16.719  1.02E¢10 La57€0 11 200586  1000.030  8.62E¢]l

280405 393,665 283400 17,95 L.f0Ee1C OEe1} 200411 1000.000  B.61Ee11

2Be22¢ 394,012 253421 17,700 1,09E+10 1a55€411 2031G3  1000.000  B.60Ee1l

279917 394.060 253111 16,719 1.02E410 2.02€+11 199926  1060,000 B, 59€+11

215739 252935 15.6C5  9.45EeC9 2424E911 199750  1000.020  8.58F+11

27956¢C 252759 14.772  8.89E+C9 2418011 199463  10C0.000  A.58Eel

279248 252651 14,379 B.s3feca 2,01E+11 199293 1070.000  8.57E«ll

275071 2522715 14,772 8,806+C0 1.626¢11 199119

270093 25209R 14,075 8,43€409 L.49E011 198A11

278581 251816 18,482 1.14E+410 1o 39E¢11 198534

278402 251642 22,530 1.42F¢)0 1,42E¢11 198457

278224 251487 25.377  1.63E¢1C L. 786411 198147

27789¢ 251160 29.366  1.92E¢1C 2,03Ee11 197970

217715 250981 27,471 1.TRE¢10 2.62E¢11 197793

27753« 250905 244371 1.55F+10 2.85E0 11 19783

2172117 250694 19.217  1.12€+1C 2.97E¢11 197306 +020

277078 259315 16,029 9, 7cEeCo 2,701 197124 100Q,000  P.51Eell

276858 250137 lo.256  9,00FsC0 24286911 196314 10€0,0€0  8,51Ee)]

278583 247924 15,223 9,61€400 2.31E1 196634  10C0.000  E.51E¢]Y

270362 247007 17,448 1.07EelC 2.08E+11 196453 10C0.090  0.50F+1}

27¢181 269469 21.558  1.38felC 24CaEs1) 196112 10C0.007  8.51Fe11

215860 249155 26,408 1,70F410 250.727  2.19E¢ll 195933 130,000  8.50E¢11

275673 248975 29.08%  1.90E+1C 2734579 2.426411 19575«  1000,000  6,50E+11

215170 248794 29.63%  1,94E+10 278,673 2.48E+11 195441 1000.G30  8.50C+11

27500¢C 248465 28,565  1.,84E+10 282.305  2.5CE¢ 11 195201  1000.000

274825 2482886 260923 1.74E+)0 2624128 2429E%11 195081 1000,000

274511 248106 25,377 1.eJEe1C 258,278 2.25E+11 194768 100.000

274330 267192 252377 1.63£410 247.€27  2.13E+11 194589 100,020  A.49Eell

274150 247812 26,428 1,70Ee10 303.582  2.70Eel) 194411 1300.000

273835 267413 27,727 l.aCE+l0 333,653 3.00E+11 194101 1003.030

273857 247118 27,737 },ROF+10 359,641 3.28E+11 193925  10C0.000

21378 246916 28,816 1.RRECIC 3554142 3.62E+11 193749  1000.090

273185 246755 27,737 1.80€e1C 409.6CA  3.7TEe1l 193642 1000.000

272952 246439 27.206  1.74E¢10 399,926 3.6bE+]1 193265 1000.000

272818 246259 26670 1.72E¢10 320,725 2.E5E411 193089  1000.030

272506 248040 27,471 1.7BEe1C 286,547 2.50E+11 1928C7  1009.000

272329 265765 33,672 Z.19E¢1C 2624128 2.26E+11 192633 10€0.030

272131 265583 37.14%  2.5GF+10 2e2.028  2.25€¢11 192458 1004000

271842 245402 43.4C1  3,0€+10 282.30%  24«5E¢1] 403,38 192150 1£00.090

271568 8, 13EeCh 2450806 53.227  3.81E+10 3C7.653  2.73Es11 403,412 191973  1000.090

271494 6.23EsCE 246306 53,607 3.84Fs1C 377,187 3.296411 423,439 191795 1000.0C0

27121C 6450€+(8 260727 49.533  3,3CE410 414.511  3.77Eel} 403.4R7  1914H}  1000,090

271028 - LBE+CO 248612 37,665 2,53€41C 429,462 3.92F¢11 191305 1000,020

27CA40 645560 CH 244230 13,937 2,056+]0 4144511 3, 76E+11 191126 1003.039

27531 7.33E+08 264940 30,756 2.02£410 395,142 356011 190812 1000020

270353 T,31E0C8 243733 1.90E¢10 385,871 3.4bEell 190533 10C0. 000

270170 8,3564C8 243553 2415801C 377.1R2 3.36EelL 190453 1000,090

269864 9.18EeC8 243174 3A1.57¢  3,40Es11 190138 1000.000

269685 9a24E0QR 243059 46,870 390,402 3.49Es11 189959 1003.020

2695C6 Se4lEsCE 262877 57.336 404l 740 DLEZE41L 189780 105,090

265194 9.41EeCH 242056 67,493 $,026410 426,639 3,82E¢11 189440 10€0,000

26931¢ S.80E¢(B 242180 68,647 5,12E¢1C 355,162 3,526011 189259 130,030

26883R 1.10£+09 242200 . “.6eEe10 359,691 3,16E411 189079  10C0.000

208524 1.11€+09 242921 “s1QE¢10 355,335 3.11£e01 188764  1000.029

268363 1326409 241706 3434E410 Jabaeal  3.C2E011 433,926 188584 10C0,090

268137 1o34E¢05 241526 45,808 3,1aE.10 430,000  3.B4E-11 403.653 188405  11€0,090

26782¢C 1.30£+09 261363 44,420 4o boES1D 404,001 188092 100,009

267075 1.29E+05 241027 “8.774 “adhEell 434,020 187714 10C0.000

267458 1.18E+c9 269947 s1.721 5.39E¢ 11 434,056 187736 10004090

267144 1.13E+09 260560 96,307 €, 26E011 4Cés 1G4 187425 1000.000

266965 1.29E2C9 260353 58.917 S.94Eell 4040131 187251 1700.00C

26678¢ 1.38E009 240171 58,917 4u91E411 404,158 187075 160,000

266473 1.80EeCq 239990 604133 GubSE€1L €)%, 206 1B6T8R  1303.000

266295 24309F 00 239874 61,086 4ybSEell 4040236 186592  1000.C20

266117 2.77Fe0% 239495 GgléEell 404,261 186441 1000.030

265806 2.54E09 239315 4.28Ee11 404,390 185133 1000.COC

265625 2.66E¢05 239300 6.E7E01C 4528411 404,137 185957 10C0.090

265455 2. 70409 2383iB 7.33F81C 4 BBE<1] “04.3ee 185780  1000,030

265143 1.93€eca 233625 74376410 “a 856011 404,412 185470 1700.000

264587 1.82€+09 219309 82,582 6.33Fe1C 50656011 416,633 18529% 19(C.029

262816 lo64E+09 238131 72,936 5.4REC1C 640,007 5,83E+11 404,468  185L18  1000.0C0

264505 2,€0€408 237952 56.136 G BAFe1C 655,007 5.€RE+11 404u514  1864B0R  10C0.930

264334 2,176 237641 58,518 4.23FelC ©55.60)  5.57Fell 436,542 194629 1902.020

264158 2.66E409 2317060 58,917 4.27E81C 750,03 184450  1000.090

263850 34 54E4CS 231286 63,066 4.62E+1C 820.¢02 184137 10€0,009

283672 “alTEecs 236375 L2rFele §5C,007 183959 1300,2C8

263494 4y 17E4C8 236797 ToeRES1C ©15,00) 183790 1000.692

263182 3.636eC8 236819 117,627 G,53LelC $75,00) 183464  1000.CCE

263303 3.37€+09 276310 162,629 1.206e11 820,03 183285 1000.€30

26282 3.14EsCE 23813> 1.128011 685,000 183091 10C0,020

262509 2.51FeCS 235960 1026011 840,001 182775 1000,003

2e2%29 2,89F+C9 235553 7.52€ 010 610.00) 182595 100).029

262149 30256003 235502 37,667 8,TTEeIC 720,003 182416 l0Co.cCO

26187) 3.57F¢09 235326 83,272 6.376410 770,603 182131  10€0.000

261827 3.07EeCS 235917 BeobPU  ELSOESIC 855,003 1eI919 10€0.CCn

Z614ss 4a C2E5C9 23eaa1 87,843 6.76E41C 1006. 903 181738 10C9,930

261129 3.875409 396.A82  23esb 93,415 7.28F+10 1€€0. 007 181421 160,990

260749 40 19E+C9 396,930 2)L354  106.189  R.4eEe1C 100C.007 18123°  $20.009

260766 4e33Ee00 296,957 236178 1C&.189  B,&kEe1C 895, 000 1R195A  515.00

260wt 4.61Ee00 396,5R4 234791 B.BAFY1C 895,002 180741 2124000  Le5AFe]l

206276 s.21EeC0 357,022 233692 119.3¢5  9,29E410 760. 000 180552 163,000  1.3eFell

260c97 5468F+29 397,059 233514 115.3¢5  9.29€410 760,001 18037A 132,000  9.18E+17

25978¢ 6.4kES09 233337 117,421 @,4BE¢)C 750400 180061 132,000  S.3BFe10

259809 6468E209 . 213026 1364356 S11Fe1] 760,001 179367 132.033  9,39£410

256433 834E0C6 317,162 232846 148467 1.25Fe11 820,00 179686 145,000  1.r4Eel]

259125 5,22F0% 197,189 232684 164.CP5 1,401l 725.003 179371 96,000  6.62E41C

258548 4.53F+09 387,237 23234A 154,539 £7C.002 179193 A5,000  5.80€]C

25E772 4. 20€409 397.2¢4 232156 162,629 630,003 179035 80,000  S.43E0]0

258463 4,20€408 397,231 231977 129.118 590, £03 178703 78.090  5.28F+10

258312 407365 CS 297,339 231es2  1C0.222 630,007 SaésEell 405486 178524 78,000 5,291

258136 5.80E+00 337,367 2)1<m0 97,715 770,000 6.T5E411 ©05.493 178345 75.000  3.07t~10

257828 7.82E00% 397,394 231299 we,434 160,000 8,55E¢11 &C5.541 178033 R, 030  £,S5F¢10

257653 8.85€+09 297,442 230991 119,393 1070000 B.93E+11 405,560 177885 53,000 &.19Ee1C

257618 1.03E¢10 397,469 230903 145,518 . B.91E+11 405.59¢ 177677 58.000  3.84F+10

257169 S441€409 397,49 239526 174,159 1090.003  8.89E+11 49S.pee 177367 57,000 2.28F+1C

256991 8,39E000 397,544 230308 210.4C7 1000.00)  B.ABE+11 405.672 177190 414007 2.85E01C

25ea12 7598408 337.572 230127 2294274 2.05F¢1) 1600.C02  B.85F+11 ©35.699 177014 ©3,00C  2.70€¢l0

256499 6426£409 367,599 229944 225,874 2,0lE¢11 990,003 8,74E4)) “GS. 267 176706 ©4,000  2.86Ee10

256320 6. CLEs Q0 397,647 229620 184299 1,59E¢1] 405,775 176530  4A,000 3. T4Fe1Q

2506161 5.91F¢C9 197,675 220447 LaT,385  1.e2€411 405.802 176355 52.000  1.42Fe10

255826 52376400 397,702 229266 145.518  1.20Es11 ©05.850 176050  65.030  4.350e10

255644 TLL9E09 397,750 220936 136356 1,10E411 05,677 175477 8L,000  ©,28Ee]F

25546¢ a.29€+09 397,778 728755 142629 1.17E¢1) 109C. 00 405,904 175704 €3.030  4o21Ee1r

255124 9.43E409 337,805 2295Te 148,467 12340 1000,002 405,652 175402 85,030 4.36Felr

254945 9,43E-C8 397,651 228267 177,613 1.51fe1) 1000.023 “95.ge0 175229 €5.000  2.01E+1C
353.8C6 25476 9.15F+09 337,680 229082 184,289  1.58€¢1] 1030.€07  8.67E411

4] oeter - 0,304 feet




APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-II, PROBE 6

ELECTRON ELECTRAON ELECTACN ELECTRON
ELAPSED ALTITUDE, CURRENT, DERSITY, ELAPSED ALTITUGE, CURRENT, DENSITY, ELAPSED ALTITUDE, CURRENT, DERSITY, ELAPSED ALTITUDE, CURRENT, DENSITY.
TIrE, FEET  MICROAWPS ELECTRDNS TIPE, FEET  MICADAWPS ELECTRONS TiKg, ET  KICROANPS ELECTRCHS TIFE, FE XICROAMPS  ELECTAONS
SECCNDS <o) PER CUBIC SECOADS PER CuBIC SECCNDS P PER CUBIC SECORDS PER CURIC

CEMTIMETER () CENTINETER . CENTIMETER] B (L] CENTINETER

329,745 281101 s.18E0e7 392,658 254430 19.677 1176010 397.911 227881  207.118  1.63Es11 401,58t 201226 1000.000  A.20£+11
329,777 281062 5018407 393,885 234250 194677  1.17Eel0 227569 200,555 201049 1000.030  8.20E+11

280808 . 186407 393,613 254070 19,944  1,19E¢10 227391 197,208 200741 1000,000  B.18E+11

280360 9.3264C7 393,961 253756 22.298  1.34Es10 227212 210,407 200506 1060.000  8.1BE¢lL

2a0383 3930988 253578 224298 1.34Eel0 2269c2  219.222 200189 1000,030  8.1TEs11

28020¢ 394,016 253399 22,060  1.33Es10 226726 243,377 200081 1000.090  P.lsEs1l

279895 394,063 253089 20,790  1.24E¢10 226550 254,478 199904 1000020  8.18Ee1l

279117 394,061 252913 20,245 1.21Es10 226243 206.C29 199728 1000.000 A 15E¢11

219538 394,118 252137 18,482 1.09€e10 226068 254478 199446  1000.0€0  8.15Ee11

219220 194166 252429 17.200  1,01E410 225095 230,727 199272 1200,000  B.14E¢11

279049 394,193 252253 17.956  l.0sEclt 225813 203.831 199C97 1000,020 ML 1&Eell

218871 396,221 252076 18,217  1.07Eel0 225437 220.53% 198789 1000.000  8.13E¢1l

210559 394,268 251795 23,408 1,42Ee1C 225260 157,286 198812 1000000  8.13€s411

276380 394,206 251620  28.005  1.72Ee10 224952 200535 192435 1€C9.000 8412611

210201 396,323 251446 33,072 2.07Ee10 224776 2224323 198125 1009400  R.11Eell

277873 394,371 251138 36,267 2.29E¢10 224801 250,721 197948 1000.030  B.11E411

217892 394,398 250960  33.648 2411010 226291 312014 197771 10C0.000  8411Eell

277511 394,426 250763 29.C89  1.80E+10 224113 329,037 2.728+11 197461 1000,000  8,10E+11

271195 3940476 250671 224530 1.36Es10 22393¢ 3520305 2.84EelL 197203 1000,000  8.1CEs11

2771012 394,501 250293 19.964  1.19Ee10 223622 316,429 2.39F¢1) 1971C5 1000.000  8.09E+)}

276338 394,529 230116 18,751 1.11E+10 223444 286,547 2.32E¢11 196792 1€00,€20  8,0REs11

278520 194,576 249802 20.520  1.23E41C 223266 266,029 2,13Ee]l 195611 1000.000  A.CAEet]

276339 394.8C4 249826 22,157 1.3TE¢10 222954 2624120 2.€9E41L 196430 1003,000  8.,0REe1)

276159 204,631 249446 25,377 1.55Ee10 222775 269,977 2.16Ee]1 196090 1000.0C0  B.07Eell

215837 396,679 24913) 32,785 2.05Ee1C 222598 273,979 2.20f¢11 195911 1000.035  B8,07Ee¢11

21363¢C 394.7C6 249952 36,580 2.32EelC 222257 799.313  2.42€411 195732 1960,020

275145 3940736 Z6BTTI  J6.B55  2,3¢E410 222078 3124141 2.54Ee1) 195418 1000.000

274978 394,761 248443 3a.R06  2.19E410 221895 30T.€58  2.30E411 195238 1009.600

274808 394,809 248263 32,499  2,03Eel0 221585 2964567  2.30E+1L 195059 1000,0C0

274480 394,836 248084  30.756  1.91E¢10 221406 278,013 2.22E+11 194746 1000.000

270308 394,083 247770 10,756 1.9LEe10 221226 206,541 24326011 194567  1000.000

214127 204,911 247590 12,213 2.01fs10 220916 333,651 2.72Ee11 194389 100,000

213813 194,938 247411 33.6%B  2.11Fe10 220138 342,30%  2.20€+11 194079 1000.000  8,04E411

273035 194,580 247095 Je,806  2.19F¢l0 220561 372,800 3.C8Eell 1939C3  1000.000  A.C4Fell

213457 195,013 246916 35.581  2.23E+10 220252 4260439 3.38E011 RaCEe1

273147 395,041 248732 34,226 Z.13E410 220075 34,527 3.65Es11 8.C3Fe1)

212910 195,088 246417 33.072  2.07E¢10 219897 439,632 3.63%411 80301

272194 195,116 248237 32,213 2.01€410 219508 s CSe  2.99E01L 8.076011

272484 395,143 246059 35,309 2,2IE410 219414 3320653 20TREe10 a.c3Eell

2121300 395,191 265742 40,453 215240 22C.7235  Z.39EelL ALCIEel1

212129 395,218 245551 464514 290959 302,882 2.43Ee1) 8,035 011

211021 395,246 245379 53.6C7 218782 229.1)1  Z.e6fell A0 e1L

211648 395,293 245064 64.R06 Z1€6C6 342,305 2.78Fe 11 PanzEsll

211472 305,321 2e4mBe 83,930 210297 439,608  3,39E+1) "

211187 3900348 2447C5 59,320 218121 4550191 3.80€e1l

271308 3950176 246389 64,420 217945 478,503 &.cOfell

27¢824 395,423 246208 39.528 21763¢  465.766  3.BIEe])

270509 195,451 266026 3a.267 217660 660,458 1 EeEell

27€321 395,498 243711 35,9731 217202 506,056 &.24Eeld

27c143 395,224 243531 3B.632 21697C  481.$12  4.03Eel)

269842 195,553 243352 43,739 216790 481,932 4.03Es11

2650¢3 365,601 243038 59,725 216610 5C«.056 4 23E¢ll

269484 395,626 242955 70.928 21€29¢ 458,463 &a17Eedl

265172 395,856 262671 13,934 216117 4S8.48Y  4o17E+11

268994 195,763 242358 79,934 215925 476,503  3.98Eeil

208815 195,731 282178 73,ae4 215600 444,778 3.&E+11

ze85C1 3950758 241999 65,689 215420 ©34.527  3.STEell

268320 395,806 261883 55,141 215247 £260418  3.4TERIL

zer114 315,873 241532 51,721 214931 490.000  4.CTEe1)

267757 395,061 261320 53,227 214731 $4C.000  4.32E¢11

267617 395.9CA 241005 58.514 214372 583.000  4.89E¢1l

267437 395,936 240825 64.365 21625¢ 725,000 £.23€410

21122 395,563 240508 68,560 214075 770.€0)  6.65Eell

266942 396.011 240330 70,451 213894 770,000 b.t4Eell

266783 196,638 240143 71.912 213578 87€.00)  5,70(¢11

260451 396,066 239987 1C.e51 211398 570,C03 & ITEell

200272 396,113 239652 Tl.asa 213719 540,003 4.49Eetl 186570 1900,09

266094 396,161 239472 81426 212903 455,000 4. QTEell 186419 10€0.220

26578¢ 16168 239293 @T.643 212722 510,001 4.2)E+1) 1m6111 100,000

26560¢ 396,216 238377 99,414 212561 F21.500  &.J6Eell 18392¢  10¢0.030

2¢5430 396,263 238798 120.222 212223 570,002 «.Tabell 185758 10C0, 070

265121 396,271 238502 101,426 212065 585,000  4,8TEe1l 195644 10€0.000

2e42e8 06,118 23ZA7  93.41% 210868 £40.007  5.3TE<1N 1R5272  1900.003

264794 196,366 23B10A 85,407 211932 £20.000  S.36Eeil 185296 1009.000

264097 396,303 237930 Te,A45 211372 600,000 4. 9911 1e<785 1000,

260312 E.420 237810 oBLte] 201193 640,000 5.33€001 184697 1CC0.C0Q

26613 356,448 231441 09.C8) 21CATT 670,000  5,62Ee11 134427 1200.000

263828 336,675 237266 150677 210696 725,000  6.128¢11 18<114  1000.030

263650 176.52% 236353 a7.71% 210515 820.00)  6.99E+t1 183916 1007, 000

263412 356,560 238715 117,427 210199 820,003 6.9°Ee11 183753 1)03.000

263180 396,570 238597 139.791 210019 820,000  6.STEe1) 183463 1300.000

282901 We.£25 236288 160,863 20984C 750,001 6.32E411 16325) 130C.0C0

282801 396,657 2Ie113 151473 LETEslL 26952¢ 570,000 GesBESIL 1A3G6F 1000099

282487 396,680 235938 137,052  1.04Esll 20934t 540.00)  4.<OE¢ld 182752 1007.000

2623¢7 396,728 735811 103.51A  7.53Eel0 209167 515,000  4elaEell 182573 10€0.090

202127 396,755 235480 ST 715 T,056410 208812 5270500  «.20E¢11 182193 .20

261810 e 7R3 235304 6.90E+10 26A671  585.00) 4, 79E+11 182078 10004 0C0

261604 395831 234995 6.8 10 208493 70€.C00  5.82Ee1l 121497 1009.03C

261423 196,258 234419 T.1RESID 208178 975.00) B, 3)Eell 181715 10€0.0C0

261107 196,086 234641 B 13Ee1C 2079%7 1€R0.00)  Au55EslY 181398 10€0,000

260927 396,933 238332 9LCIEe10 207815 1060,00)  E.84Fe11 181217 .

260747 336,561 236156 1.0Fe11 207498 1000.00)  B.32E+11 181015 10€A.000

260632 196,588 233879 1.01€¢11 z07311 1000.003  B.51E+1) 180716 1000.030

260253 397.035 133870 9.88F410 207135 1000.001  B.S1Es1l 180537 1000,030

260075 397,063 233882 1.CIEs 1Y 206620 1CN0.001  B.49Esll 180354  1000,030

250784 397.090 233315 1e11€et1 206640 100,001  B.4BEsll 180018 . «02Fs11

259587 397.133 231002 206481 10004003  B.4TEell 179845 1000.000  B.C2Fell

259411 9T tes 232822 206145 1000,003  B.4sEell 179664 1000.030  A,C2E¢1]

255103 301,191 232641 205964  1000.00)  8.43E¢11 B.02E+11

25926 197,200 232326 205782 10000000  M.asEsll a2Ee11

258150 397,280 232t3e 203467 . 20436411 BLEs1

258441 197,295 231354 205287 1000.003  B,42E+11 4 60F 411

258290 197,343 231639 205108 1C00.000  B.slfell T.37E011

258114 297,370 211458 B.39Ee 1 713811

2578C7 137,398 23276 8.38E¢ 11 6508811

257831 197.445 230960 aTER1L $.91E011

257450 397,473 230781 8.36E+11 SEe11

25147 397,500 220601 203934 1000.003  8.35E+1l

25¢908 397,548 230286 2037%% 1000.003  B.3aE¢1l

256790 397,575 230105 203440 1000.000  A.32E¢11

256411 391,803 229921 - 203261 100,007  B.21Ee11

236290 3970851 229604 1.98E411 203081 2000 B.30Eell 3

256118 V71,678 229625 leslEs1l 202766 1000,000  B.29Ee11 405, 806

255803 397,706 229263 1.26E01) 202572 1000.00) 405,53

25502 397750 228914 Lodieedl 202391 1€00,003 +05.881

255442 337,701 220733 1.28E+11 202076 1€30.003 «35, 908

285102 15,38 397,800 228932 S3eEel] 201896  1000.002 405,556

252922 19.964 9T es6 228238 Tes2eell 201718 . 405,93 175207 395,000  2.9AF¢l]
333,810 284744 20,245  1.20E¢10 397.8R4 228059  200.555  1.37Fe0) 431.983 201403 1€A0.003

A1 meter = 6.3048 feet




APPENDIX B — Continued

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-II, PROBE 7

ELECTRON ELECTACK ELECTACH ELECTRON
ELADSED ALTITUDE, CURRENT, DENSITY, ELAPSED IL'I'UDE. CURRENT, OENSITY, ELAPSED ‘L'IYUDE- CURRENT, DENSITY, ELAPSED ALTITUDE, CURRENT, DEWSITY,
TIvE, FEET 'MICROAMPS ELECTRONS YINE, MICADAWPS ELECTACKS TirE, MICAOAWPS ELECTAONS TINE, FEET  MICAOAWPS ELECTRDNS
SECCRDS o PER_CuBIC SECONDS s PER_CUBSC SECCNDS s PER CUBIC SECONDS ¢ PER TupIC
* CENTINETER (a CENTINETER @ CENT INETER] " CERTINE TER]
339,153 281195 <153 7.63Ee07 393,861  2544C7 23,406 1.37Ee10 397,914 227859  228.87s  LLeeEell 4015887 20120¢ 1000.630  7.87€411
399,780 281020 (183 9.15EeC? 393,808 254227 230436 1.37€e10 227547 1o58€e11 1 201027 10004020  7T.88Ee11
T12E 00T 393,916 254048 241124 1,e26410 2271368 10696411 200718 1000.000  7.86€411
393,564 255734 260870  1.54€41Q 22119 [essEetI 200542 100,030 T. €56 L1
393,991 25335% 27,471 1. 63F+10 226880 200347 1000.030 To25€411
394,019 253377 264933 1.6Cee10 226704 200058 1000.000  7.84Ee11
394,067 253067 254123 1a4BE*10 226578 199882 1000. 000 1.!1-!0\|
394,094 252891 23,633 1.38Ee10 22¢221 199706 1000.000  7B&Eel]
294,121 2527115 224530 1.32E¢10 226047 199424 10C0.0c0 TeB2Ee]1l
394,169 252407 20. 770 1.20F910 225872 402,261 199250 1600020 ZadIatt
394,196 252239 210314 1.24€410 225501 402.318 199075  1900.000
394,224 252054 224298 1a30Ee10 225414 402,386 198767 100C.000
394,272 251771) 29.ce9 1.THEs10 225238 402,394 198590 10004030
251598 364855 2025E410 224930 402.421 198412  1000.030
251424 “5.870 2495F¢10 224754 402,469 196103  1000.4030 Te®2Ee]l
’V‘. !7" 251116 494138 3. 12Ee20 224579 4D2. 47 197925  1000.020 «B81F4])
394,401 250938 42,070  2.81€el0 224208 4020523 197749 1000.0c0  TaBlEell
394,423 250761 34,806  2.11Ee10 224090 10004000 Tu8lEe11
2.00€¢CB 306.4'7 250449 90 3Fe10 223912 10C0.000 7a81Ee11
1.8%Esca 3 250271 230633 1.39Ee10 22360€ 1000600  7.81E411
1091€sCh 250092 23.406  1.37Eel0 223422 1000.030  7.A0E.11
2.75Ee(R 245780 24,620 laeSEslt 223244 1000, 020 7.80€s7]
2449E2L8 240602 LaddEe10 222931 laca.ogo TeAOE+} )|
2.07ECh 249424 “S2Ee10 222753 1000020 7.80E411
2.97E+08 249110 2.5BE10 22573 1000,020 Ta80Es 11
2.99E4CH 248929 222234 19€0.020 TaBOFe])
JekbEel B 248748 222055 10C0. Goo T«BDE+11
“e90E«CR 248420 221877 1000.030  7.n0F.y)
5.38E4(8 394,812 248241 221583 10{C. 000 74 80Fs 1)
5 156¢C8 394,039 248051 221383 1007.000 To80Fe 11
Sa30E+0B 194,887 2467747 221204 10004020 T+B0Ee1)
247388 220892 1000:0c0  T.79Ee1)
247389 220716 1000.0950 TeT9Fe1]
247072 Z.BSE'XC 220539 1000. 000 TaTo%e11

1000.000  T.79s11
1000.030  7.79€411
1000.050  7.T9E41)
190%.020  7.79Fs11
10€0.000  7.80E+11
1002.000  7,80Es11

2480891 432065 2,67Ee10
266710 42,400 2,¢3Ee10
246394 390229 z.41Fet0
248215 38,229 2.41Eetc
268015 ©2.070  2.60E+1Q
245719 50.236  3.17Es10

245518 584121 3.74Ee]0 218937 1000.090  7.80€+11
265357 59985  4.blEelC 218780 1000.060  T.AGEe1]
245041 81973 s.s6f+10 218584 1000.000  7.80Es11
264902 82,582  5.55Ee1cC 210275 1000.000  7.80F.q]
244682 70,928 4.b68Ee10 218099 1303,000  7.8CEs11
244366 53,989 1,44EelQ 217922 1000.900  T.R0F=11
244185 462870 2,93Ee1Q 217614 1900.000  7.ROEw11
264004 43,431 2.89E410 217437 1000.000 7,79 e11
243680 420731 20856410 21726C 1000.000  7,79Le1]
243509 47,228 Z2.98EelC 216940 1023,000  T.79Fe])
243329 53.989  3.4sbell 216788 1000.030  7.T9E+]]
243013 75,677 5.02Eel0 216588 100,000  1.79E+1;
242832 934415 64366410 216274 433.754 189710 lual\.onn T.79F 41
242651 100.222  €.888e10 216094 403.8C2 189395 la00, T.79E11
242335 95.995  €,556410 215902 4034829 189214  1000.. uuo 74798511
262156 AT.ekd  5.91E41C 215587 403,857 18903c  1000.030  7.79Ee]l
241976 78,673 5.24EelC 215408 403,905 188719 1000.000 1.1‘35.“
241650 67,493 4.4lEe10 215224 4034932 188340 1000.000

241479 4318010 214909 4034660 188361 1000.000 7. 19;.“
261298 4.31Fe10 214129 406,008 188048 1000000  7.79Es11
240982 4.73Ee10 214549 160,002 4744035 187470 1G00.000  T.T9Ee1]
240803 5.21F410 214234 1000,000 404 CE3 187892 moo.ccu T.T9F a1
240623 5.47Ee10 214052 1000,003 404111 187392

240307 5.788410 21327t 1600.000 4040138 187207 1voa.nuo

240129 B6.14l  S.TAEe[0 213556 1€00.003 404165 167052 10004050

239945 85.407 2E010 213176 10060.0C3 4044213 186724 10004030

239829 89,188  6,00F+1C 213196  1€70.003 4044240 186348 1900002

239450 212881 1¢0c.00) 474268 186397 10C0.030

239270 212699 1C00,003 4D4u316 186089  1300.000

238954 212518 1000.00) 4044343 185912 1000.030

238773 212202 10¢0.003 4044371 185735 (000.630

40419 185426 1000.000
40%uaks 185250 10C0.000
404473 18507¢  1000.090

212023 100€.003

1340358
238579 131.710 v.zur.w
211843 1£00.003

238265  101.476  6.91Ee1r

238386 211529 1000.900
237908 211350 1C00,003 4044521 184763 1000.009
237590 211170 10,003 404.5¢8  184%44  10C7.030
237419 210855 10004007 404.576 184405 130C.630
237242 £.03Ee 1D 210673 1600.002 “04i62¢ 184092 1000.030
236931 7.98Ee10 21C492  1€00.000 404,651 183914 1002000
238753 B9F 410 210176 1£00.063 4Dtcs78 183735 1000.000
236575 12784 11 229957 1000.00) 4D4v726 183421 10004090
236260 1.35€et] 209817 1000,007 4064753 183227 1002.030
238991 10356401 209503 1€06.00> 4044781 1RI%4s 10024900
235916 1.18Ee12 209324 1000.00) 4340629 182730 10C0.090
2358¢9 Bo82€e1D 209144 1000.909 £0%.85%6 182550 10C0.000
235¢58 7.55€010 20883C 10004002 4244683 182173 1000.030
235202 7,03 10 28850 10004007 “04as21 182055 1)C0.000
234973 7.42Es10 2€847L . 406.95R  LALATA  1009.030
23¢796 7. $4E010 208155 1000. 00> 40%a§A5  1R169) 100D, 000
234019 9.22E010 207974 1C00400) 191375 100,009
234310 1.01Ee11 2€7792  1000.00) 18119« 10004000
234130 1.08Ee11 207475 10004009 181013 1000, 030
233957 1.05Ee 1T 207294 1€064003 189696  1002.000
233647 1.10E+1] 207113 100,003 190514 100,020
233470 1.15Fe11 206757 1000, 002
233292 1a15€e11 2¢e618  1000,002 o
212979 1e34Ee11 206428 1000.00) 179822 10¢0.0C0
232799 1e%BE+1] 208122 1000.00) 179651 1009.000
232619 205941 1000003 4034343 179327 10034830  7.82Ee1)
232303 2¢5760  1600,00) 4050377 179148 100,730 25511
. 232131 205444 100€,00) 405,397 1TAST0 100,030  7.A3F4))
193,245 231932 205285 10004007 405,445 178658 100,060
391.272 258268 231618 205085  1660.003 £05.472  17A%19  1000.030
371300 256092 21438 2C4769 1000, 002 405,600 178130 19€0.G30
9 257785 23125e 264588 1000,00) 405,548 177988  1000.020
257609 1oa8fel10 230938 204407 13004003 405,575 177810 1003039
257434 1. 7080 1C 230158 264091 1090.003 405.¢C3 177613 1000, 000
257124 1.48E010 230579 203912 1000, 003 “05.651 177323 1202.00n
25636 1.23€10 230263 203732 1£00.00) 405,670 177146  1000.000
258768 230002 1€00.003 405,76 178970 10004000
25635 229901 100¢. 001 405.754 176882 13€0.020
256225 229583 1660.003 405,781 17646 10€0.000
256096 229402 10€0.00) 405,809 176311 10034000
253781 229221 1090,003 405,857 175006 10€7.020
2536C1 220801 1€ 30,003 405,884 175313 100.000
255020 228710 1600, 007 L05.911 175561 (000,030
255379 1034E410 228529 1€00. 007 405,553 175358 1000.C00
333,796 25<90C 2 1040€+10 228215 215,97, 201693 3000,003 405,586 17518% 1003.000 7. BREell
393,013 284721 234831 1.23£+10 228937 217.01%  1.59641] 4314537 201381 1000.007  7.87E+11

0 neter * 0.3048 feet



APPENDIX B - Concluded

TABULATIONS OF CURRENT AND INFERRED ELECTRON DENSITY FOR
RAM C-II, PROBE 8

ELECTAON ELECTAON ELECTACK ELECTACN
ELAPSED ALTITUDE, CURREKT, DEKSITY, ELAPSED ALTITUDE, CURRENT, DENSITY, ELAPSED ALYITUDE, CURRENT, DENSITY, ELAPSED ALTVITUDE, CURRENT, CENSITY,
TIVE, FEET MICROAWNPS ELECTRCAS TIME, FEET MICADAMNPS ELECTRONS TIME, FEET FICROAMPS ELECTAONS TINE, FEET MICADAPPS  ELECTACNS
SECCNDS. P PER CUBIC SECONDS ) sER CUBIC SECCHDS @ PER_CUBIC secoxds PER tuBIC
s CENTIMETER| ¢ CENTINETER . CENTINETEN 2 CEMTINETEN
199,756 201173 <100 5.0lEec? 393,817 234690 29,089 1.T0F+10 357,850 228015 1e66E+11 401,987 201182 1000.000 Ta59Eell
C18)  9.00Ee07 250285 200008 1.63Ee10 221031 I.esgs1l 40Z.C15 201005 1000.000  7.30€+1]
.26) 1.30E+Ca 256208 l1ebbE+10 227525 1a63E+k1 200698 1000.000 Te%BEe1l
2220 1.10ee08 254925 1.73€+10 221346 1.61E011 200520 1000.000  T.5RE+11
T163  8.COEsCT 253712 1.85E+10 227167 1.69E011 200345 1000.000  T.58Ee11
«29) Le&SEsCE 253533 1 226858 262.128 le88E¢l] 200038 1000.000 Te58F¢]1
11 5.30EecT 253355 1.91E+10 226682 . S99Ee11 199860 1000,030  ToSAEell
«123 b400E+CT 253045 1a73E+10 22¢508 2880547 2203Eell 199686  10€0.000 TeS8E*1]
2123 6.00Es07 232869 1.68E+10 226199 2250337 2,33Eel1 199402 1000.000
14D 6 99E+CT 252693 1.93E+10 22602¢ 303,502 2419E+11 199228 1000.000
<26} 1.20€+08 2523838 1.48E410 22385¢ 295,051  2.12Ee1l 199031 1000.090
e42)  2.09EecH 232208 12476610 225569 256,478 1.806+11 190743 3
«54) 2469E+CA 252032 1.55€+10 225392 la63Eell 198568 1000.000
1603 2.99Eecs 251751 2.23€410 225216 1251E11 198390 1000.000
064D 3a19EeC e 515717 2.81E+10 224708 leT4Eel) 198081 1000.0C0
cesh  2.21E9C8 251402 4I02E010 224732 10958011 L97306¢  1000-000
«301 2a49EeCR 251093 3.61Es10 224557 2404E011 197727 1003.000
»45) 24 25E4CH 250916 2.99E¢10 224248 197417 1000.0C0
o385 1.91E+08 250738 24 39E«10 224068 197239 1000,000
atbl 2a429€+C8 250427 1.75E¢10 223084 197061 1000.000 ToSBE+1T
«482 2.39E+CR 250248 1a59E¢10 223377 3s461E+11 196747 1000.000 Te3BE 11
0522 2460Ee08 250070 1.38Fs 10 223500 3.06E¢11 196865 1000,000  7.38E+11
«&13 3,03Ee(8 2497%8 «73E€10 223221 1961A5 1000.000 T, 58ER 1)
89 Ja44E+CO 249580 Le96E*10 222908 196045  1000.000 T.SBE+11
546 2. TIE+CE 269402 2.38E+10 222730 193966 1000.000 Te58Fel)
S8 A5eEsca 249088 31,721 2.38Ee10 222551 195687 1005.030  7.5RE+11
700431 4u50Ee10 248907 55,917  3.4TEel0 222212 193373 1000.000  7.8Es11
olb63 BallEeQT 248726 56,307 3.50E¢10 222033 3604426 2.68E411 19319«  1000.000
i128 6.3T€eq? 248398 30238 3.0RE+10 221856 . L 82E411 195014 1000,000 7. )
100,222 60 92€+10 248218 45,453 2. 15E+10 221541 364,094 2a65E+11 194701 1000.0C0 TaSRF 11
1.092 5o 40E4CH 2408039 43,401 2.62E+10 22138) 3504 984 194522 1009.000 T.%6Fe1]
1173 5a80EeCE 287725 45,110 2. T3Ee10 221182 359,691 19434¢  1700,000 T.50f¢11
1e€0D S5a40EsCE 247548 46,514 24M2E+1C 22081C 390,402 194035  10L0.000 ToSBEe 1L
o84 “al7EeCH 247368 49,138 3.00€+10 220692 429,482 193859  1000.020 ToSBEs1]
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APPENDIX C

ANALYSIS OF SPACECRAFT MOTIONS AND WIND ANGLES

By William L, Weaver
Langley Research Center

The spacecraft axis system employed and its relation to the wind axis are illustrated
in figure 41,

The rate gyro data show coning of the RAM C-I and C-II spacecraft after separation
of the expended fourth-stage motors, but the very low dynamic pressures and resulting
low accelerations did not permit accurate determinations of the spacecraft wind angles
from accelerometer data. Coning of the spacecraft was also indicated by the cyclic vari-
ations in the electrostatic probe-measured electron densities observed during both flights.
Figure 42 shows the correlation of measured normal aerodynamic acceleration with vari-
ations in electron densities measured by probe 1 on RAM C-II during the last few seconds
before probe-rake retraction. Figure 43 shows that the electrostatic probe rake was in
the same plane as the measured normal acceleration, and thus the correlation of figure 42
suggests that the cyclic variations in measured electron densities were due to displace-
ments of the probe rake from the wind axis in the angle-of-attack (@) plane. The varia-
tions were generally symmetrical; this symmetry further suggest that the average value
of the electron densities corresponded to the zero-angle-of-attack case.

Determination of Wind Angles

Prior to separation of the fourth-stage motors, the RAM C-I and C-II spacecraft
had roll momenta only with the X-axes fixed in direction. The separation impulses pro-
duced uniform coning (precession) of the X-axes about the total angular momentum vec-
tors. The motion is illustrated in figure 44, and the equations which describe it are

I,w
tan g = L ¢ (C2)
Ixp
X 1
V. I ee——— e C3
H I; cos 6 27 (C3)
Iy -1
X_Ip
V. = C4
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APPENDIX C — Continued

Values computed by these equations for both flights are given in table V. The preflight-
measured moments of inertia and the flight-measured rotation rates are given in table VL.
It can be seen from figures 41 and 44 that for the case of 7, =0 (X-axes initially alined
with velocity vectors), the total wind angles will describe the cones of half-angle 6. Thus
the absolute change in the total wind angle (| An|> is given by 26.

To study the spacecraft motions further, a computer-programed set of equations for
the angular motions of a rigid body was employed. At about 380 seconds, short-duration
(0.01 second) angular impulses were applied; these impulses produced matchups of the
gyro-measured lateral rotation rates. Total wind angle was set to zero (770 = 0). Fig-
ure 45 shows the comparisons of the measured and program-computed spacecraft rotation
rates. The required impulses were

L = 3.93 N-m-sec (2.9 lb-ft-sec) (RAM C-I)
L = 3.25 N-m-sec (2.4 lb-ft-sec) (RAM C-I0)

These values are in good agreement with the impulses computed by equation (C1). (See
table V.) Figure 45 shows that both the magnitudes and frequencies of the rotation rates
are closely matched. The frequencies are identical with the values of ), givenin
table V.

Figure 46 shows the histories of the program-computed values of the wind angles
for the computer runs which produced the matchup in rotation rates. These values are
not the actual histories of the in-flight wind angles. They do represent the characteris-
tic trends, and the frequencies and absolute variations in the angles should closely approx-
imate those in flight. Note that the maximum values of 7 are twice the values of the
cone angles 6O in table V and that the frequencies of 7 are identical to those listed for
vy intable V. The component wind angles (a,B) are seen to have variations approxi-
mately equal to +26 because the spacecraft is rolling on the surface of the precession
cone as illustrated in figure 44. If it is assumed that the velocity vectors were alined
with the spacecraft X-axes at stage separations, the variations in 7 were

0=7n=50 (for RAM C-I)
0=n=4° (for RAM C-II)

and the peak-to-peak variations in the component wind angles were
a,B = +5° (for RAM C-I)
a,p = +4° (for RAM C-II)
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APPENDIX C — Concluded

Summary of Wind-Angle Analysis

Cyclic changes in the measured electron densities were shown to be due to the
displacements of the electrostatic probe from the wind axis in the angle-of-attack (a)
plane. Peak-to-peak variations in the densities were produced by variations in angle of
attack of a =152 (for RAM C-I) and o= +49 (for RAM C-II). The symmetry of the
density variation suggests that the average values corresponded to the case where a=0.
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TABLE L.- ALTITUDE, VELOCITY, AND TIME OF RAM C-I AND RAM C-II* REENTRY TRAJECTORIES

Altitude Velocity
km ft m/sec ft/sec
152.4 | 500 x 103 | 7012 | 23 004
150.9 495 7095 23 279
149.4 490 7183 23 567
147.8 485 7271 23 875
146.3 480 7366 24 166
144.8 475 7460 24 476
143.2 470 7527 24 696
141.7 465 7564 24 816
140.2 460 7580 24 872
138.7 455 7579 24 866
137.2 450 7578 24 863
135.6 445 7580 24 872
134.1 440 7587 24 892
132.6 435 7590 24 902
131.1 430 1596 24 920
129.5 425 7597 24 926
128.0 420 7594 24 916
126.5 415 7594 24 914
125.0 410 7597 24 924
123.4 405 7602 24 941
121.9 400 7609 24 965
120.4 395 7614 24 982
118.9 390 7611 24 971
117.3 385 7610 24 967
115.8 380 7610 24 969
114.3 375 7612 24 973
112.8 370 7616 24 986
111.2 365 7617 24 991
109.7 360 7619 24 996
108.2 355 7622 25 008
106.7 350 7626 25019
105.2 345 7629 25 029
103.6 340 7627 25 024
102.1 335 7629 25 031
100.6 330 7631 25 037
99.1 325 7628 25 026
97.5 320 7628 25 025
96.0 315 7633 25 042
94,5 310 7640 25 065
93.0 305 7650 25 098
91.4 300 7649 25 094
89.9 295 7646 25 087
88.4 290 1642 25 074
86.9 285 7645 25 082
85.3 280 7649 25 095
83.8 275 7651 25 103
82.3 270 7649 25 094
80.8 265 7649 25 096
79.2 260 7654 25 113

Time from
lift-off,
sec

355.98
356.83
357.64
358.42
359.19
359.98
360.77
361.57
362.34
363.11

363.87
364.64
365.40
366.18
366.95
367.73
368.49
369.25
370.00
370.75

371.52
372.30
3173.08
373.85
374.61
375.37
376.14
376.92
377.70
378.47

379.23
379.99
380.75
381.52
382.29
383.07
383.86
384.63
385.39
386.14

386.88
387.64
388.40
389.17
389.93
390.70
391.46
392,23
393.00

Time from

Altitude Velocity

lift-off,

km ft m/sec | it/sec sec
77.7 | 265%x 103 | 7657 | 25121 393,77
76.2 250 7661 25 135 394,54
4.7 245 7670 25 164 395.30
73.2 240 7664 25 143 396.07
71.6 235 7660 25 131 396.83
70.1 230 7662 25 139 3917.59
68.6 225 7665 25 148 398.36
67.0 220 7670 25 165 399.13
65.5 215 7668 25 156 399.89
64.0 210 7664 25 145 400.65
62.5 205 7657 25 123 401.41
61.0 200 7651 25 102 402.18
59.4 195 7655 25 115 402.94
57.9 190 7653 25 108 403.71
56.4 185 7643 25 076 404.48
54.9 180 7640 25 064 405.25
53.3 175 7630 25 034 406,02
51.8 170 7623 25 009 406.79
50.3 165 7610 24 967 407.56
48.8 160 7596 24 923 408.32
47.2 155 7568 24 829 409.09
45.7 150 7544 24 752 409.86
44.2 145 7517 24 663 410.64
42.7 140 7477 24 532 411.42
41.4 135 7432 24 384 412.20
39.6 130 7363 24 157 412.99
38.1 125 7279 23 882 413.80
36.6 120 7182 23 563 414.61
35.0 115 7072 23 202 415.43
33.5 110 6938 22 763 416.26
32.0 105 6759 22 176 417.12
30.5 100 6539 21 455 418.00
29.0 a5 6232 20 446 418.91
27.4 90 5938 19 483 419.87
25.9 85 5555 18 226 420.87
24.4 80 5089 16 697 421.96
22.9 15 4552 14 935 423,16
21.3 70 3945 12 942 424,51
19.8 65 3238 10 624 426,12
18.3 60 2438 8 000 428.22
16.8 55 1739 5 706 430.88
15.2 50 1049 3 441 434.69
13.7 45 581 1 906 440.26
12,2 40 271 890 448,98
10.7 35 220 721 459.34
9.1 30 239 ‘185 4617.88
7.6 25 227 ‘144 475.40
6.1 20 276 907 484.45

S Y

*For time correlation purposes, between the times of 386.88 and 406.79 seconds, the C-II spacecraft was

365.8 m (1200 ft) higher in altitude than listed in the table with a velocity of approximately 18 m/sec (60 ft/sec)
greater than the value listed.
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TABLE H.- POSITION OF FUNCTIONAL PARTS ON THE RAM C-I AND C-II PAYLOADS

4 Center -line location of parts.
b Nose diameter D is 31.90 cm (12.56 in.) for RAM C-I; nose diameter D is 30.48 cm (12.00 in.) for RAM C-IL

» X/D
Payload Part and function om in. (?eg
S . . (a) (a) (a) (b)
Water-injection nozzle

RAM C-I Stagnation 0 0 - 0
Lateral 15.2 6.0 0 .48
Lateral 15.2 6.0 180 .48

o o Antenna o
RAM C-II S-band open-ended guide (3344 MHz) 4.6 1.8 90 0.15
X-band conical horn (10 044 MHz) 4.6 1.8 330 .15
K,-band conical horn (35 000 MHz) 4.6 1.8 210 .15
L-band open-ended guide (1116 MHz) 23.1 9.1 195 .16
S-band open-ended guide (3344 MHz) 23.1 9.1 15 .76
X-band conical horn (10 044 MHz) 23.1 9.1 285 .76
Ky -band conical horn (35 000 MHz) 23.1 9.1 227 .76
L-band open-ended guide (1116 MHz) 70.1 21.6 195 2.30
S-band open-ended guide (3344 MHz) 70.1 27.6 15 2,30
X-band conical horn (10 044 MHz) 70.1 27.6 285 2.30
Ky -band conical horn (35 000 MHz) 70.1 27.6 105 2,30
RAM C-1 VHF axial cavity-backed slot (259.7 MHz) 75.2 29.6 v} 2.36
VHF axial cavity-backed slot (259.7 MHz) 75.2 29.6 180 2,36
RAM C-I X-band rectangular horn (9210 MHz) 82.8 32.6 60 2.60
X-band rectangular horn (9210 MHz) 82.8 32.6 150 2.60
X-band rectangular horn (9210 MHz) 82.8 32.6 240 2.60
X-band rectangular horn (9210 MHz) 82.8 32.6 330 2.60
RAM C-I X-band rectangular horn (9210 MHz) 80.5 31.7 15 2.65
X-band rectangular horn (9210 MHz) 80.5 31.7 105 2.65
X-band rectangular horn (9210 MHz) 80.5 31.7 195 2,65
X-band rectangular horn (9210 MHz) 80.5 31.7 285 2.65
RAM C-1I VHF circumferential-slot array (259.7 MHz) 97.5 38.4 - 3.20
RAM C-I VHF circumferential-slot array (225.7 MHz) 109.2 43.0 - 3.42
RAM C-II L-band open-ended guide (1116 MHz) 106.2 41.8 195 3.48
S~band open-ended guide (3344 MHz) 106.2 41.8 15 3.48
X-band conical horn (10 044 MHz) 106.2 41.8 285 3.48
Kga-band conical horn (35 000 MHz) 106.2 41.8 105 3.48
RAM C-II C-band rectangular horn (5800 MHz) 106.7 42.0 32 3.50
RAM C-1 C-band rectangular horn (5700 MHz) 118.4 46.6 30 3.71
RAM C-II VHF circumferential-slot array (225.7 MHz) 114.8 45,2 -—- 3.76
T o T Probe rake )

RAM C-I Electrostatic 123.4 48.6 0 3.87
Thermocouple 123.4 48.6 180 3.87
RAM C-HI Electrostatic 123.4 48.6 0 4.05
Thermocouple 123.4 48.6 180 4.05
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TABLE III.- RAM C-I TYPICAL INJECTION CYCLE AND FLOW RATE HISTORY

Stagnation Side injection
injection 4

Valve number 3

Water flow rates (relative)

1
0 1.0 2.0 3.0 4.0
Time from start of cycle, sec

Valve for — Flow rate Altitude Valve for —J Flow rate Altitude
Cycle ) . o Cycle ) .
| Stagnation|, side lug/sec vysec om | w ||V tagmtion] side L lusec | 1
1 5 0 0 5 5 0.023 | 0.05 [61,1/200 490
6 0 0 6 .068 .15 160.11197 236
7 0 [} 7 127 .28 159.1{193 982
1 0 0 1 .045 .10 |58.11190 724
2 0 0 2 .109 .24 [57.1[187 462
3 0 o] 3 .295 .65 |56.1[184 202
4 0 0 4 .458 | 1.01 (55.2{180 943
2 5 0 0 85,0278 908 6 5 0.027 | 0.06 [53.2|174 451
] 0 0 84.0|275 639 6 .082 .18 |52.2(171 212
7 014 03 (83.21273 027 7 .163 .36 |51.2)167 968
1 .004 .01 [82.01269 115 1 .059 .13 150.2)164 722
2 .018 .04 |81.0{265 866 2 145 .32 [49.2 (161 466
3 .045 10 |80.0}262 616 3 .408 .90 (48.2(158 199
4 .068 15 [79.0|259 363 4 644 | 1,42 147.2/154 937
3 5 0.009 | 0.02 |(77.1]252 861 7 5 0.032 | 0.07 [45.2|148 484
6 .032 07 [76.11249 598 6 ‘1 .104 .23 |44,3]145 267
7 .064 14 |75.1|246 328 T .195 .43 (43,3142 058
1 .027 06 |74.1)243 048 1 .068 .15 |42,3(138 864
2 .064 .14 (73.17239 771 2 .159 .35 |41.4(135 684
3 .181 40 172,1(236 486 3 444 98 (40.41132 511
4 | .299 66 |71.1|233 205 4 .703 | 1.55 |39.5/129 532
4 5 0.018 { 0.04 [69.1(226 630 8 5 0.036 | 0.08
6 .054 12 [68.11223 442 6 .109 24 136.6)120 058
7 109 24 |67.1(220 185 7 195 .43 |35.7(117 010
1 .036 08 [66.1/216 915 1 .068 .15 (34.7/113 987
2 .095 21 |65.1)|213 635 2 .159 33.8/110 986
3 .249 .55 64,1210 348 3 0
N Y SR P A oy 2 S B B W LI



TABLE IV.- RAM C-I AND RAM C-II RADIO-FREQUENCY SYSTEMS

Frequency Transmitter
Payload Purpose Antenna type Approximate Body ;%ation, Remarks
Band| MHz RF power, | Modulation
watts
RAM C-I |Real-time telemetry VHF 259.7| Axial cavity-backed slots 5 FM 2,36 Two slots, diametrically opposed
RAM C-0I VHF 259.7| Circumferential-slot array 5 FM 3,20 | memmm ;e
RAM C-I |Delayed-time telemetry| VHF 225.7| Circumferential-slot array 5 FM 3.42 Same data as real-time telemetry,
RAM C-II VHF 225.7| Circumferential-slot array 5 FM 3.76 but delayed by onboard tape loop
for approximately 45 sec
RAM C-I [Radar beacon C | 5700 |Rectangular horn 900 peak Pulse . £ [ S U,
RAM C-II C 5800 |Rectangular horn 800 peak Pulse 3.50 [ -emmemeemmmme e
RAM C-] |Real-time telemetry X 9 210 |Rectangular-horn array 500 peak PPM 2.60 Four horns, 90° spacing
RAM C-II X | 9210 |Rectangular horn 500 peak PPM 2.65 Four horns, 90° spacing
RAM C-II [Reflectometer L 1116 |T-fed slot 0.1 -CW ---, 0.76, 2.30, and 3.48| Station number 1; x/D of 0.15
experiment S 3 344 |Open-ended waveguide .1 CcwW 0.15, 0.76, 2.30, and 3.48| Station number 2; x/D of 0.76
X |10 044 |Conical horn .1 cw 0.15, 0.76, 2.30, and 3.48] Station number 3; x/D of 2.30
Ky |35 000 |Conical horn .1 cw 0.15, 0.76, 2.30, and 3.48| Station number 4; x/D of 3.48
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TABLE V.- COMPUTED VALUES OF IMPULSE, PRECESSION CONE ANGLE, AND

PRECESSION FREQUENCIES (EQS. (C1) TO (C4))

L V., v
Flight & B b’
N-m-sec 1b-ft-sec & Hz Hz
C-1 3.7 2.7 2.48 0.704 2.25
C-1I 3.2 2.3 2.00 .800 2.25

TABLE VI.- PREFLIGHT-MEASURED SPACECRAFT MOMENTS OF INERTIA*
AND FLIGHT-MEASURED ROTATION RATES

Ix Iy Iz p w;,
Flight 9 9 rad/ sec rad/sec
kg—m2 slug-ft kg-m?2 slug-ft kg—m2 slug—ft2
C-I 4.62 3.41 19.31 14.24 19.66 14.50 18.5 0.190
c-11 4.68 3.45 18.06 13.32 17.92 13.22 19.1 175

*Moments of inertia constant during data period.
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Figure 5.- Electrostatic probe and radio-frequency antenna locations.
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(a) Photograph of rake.

Figure 6.- Electrostatic probe rake.
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- 0.0127 cm (.005 in.)
radius

0.0254 cm (.010 in.)

Beryllium oxide Phenolic fiber-glass
insulator—jz ‘;{::der

Leading-edge detail

Iridium ion
collectors
1 to8

Payload surface

Iridium electron 2%
collector ;’ °
|
\

Ion Standoff distance,
coliector cm in.
1 0.96 0.378
2 1.84 .724
3 2.70 1.062
4 3.58 1.408
5 4.46 1.754
6 5.34 2.102
7 6.20 2.438
8 7.08 2.790

(b) Detail sketch of rake. Collection area of each ion collector was 0.0420 cm2 (0.006 in2).
Figure 6.- Concluded.
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Figure 9.- Electrical characteristics of logarithmic amplifiers.
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Leading-edge detail

L-71-7150

(a) Photograph of rake.

Thermocouple | Standoff di#iéhéé: i
cm in.
1 2.0 0.788
2 4.0 1.576
3 6.0 2,364

(b) Rake configuration.

Thermocouple distance from leading edge for

RAM C-I was 0.0635 cm (0.025 in.) and for RAM C-I, the distance
was 0.1016 ¢cm (0.040 in.).
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Figure 11.- Thermocouple probe rake.
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(b) Electrostatic probes 3 and 4.
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(a) Nlustration of body rotations.

(b) Dlustration of orientation with wind axis.

Figure 41, - Spacecraft axis system.
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